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FORJEWORD 


In  conducting  the  research  described  in  this  report,  the 
investigators  adhered  to  the  "Guide  for  the  Care  and  Use  of 
Laboratory  Animals"  prepared  by  the  Committee  on  Care  and  Use  of 
Laboratory  Animals  of  The  Institute  of  Laboratory  Anisal 
Resources,  National  Research  Council.  (DHZW  Publication  No. 

(NIH)  86-23 ,  Revised  1985.) 

Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  the  Army 
endorsees!  t  or  approval  of  the  products  or  services  of  these 
organizations. 
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A.  REVIEW  UPDATE  OF  CYANOBACTERIA  TOXINS 
1 .  INTRODUCTION 

Report*  of  toxic  alga*  in  th*  freshwater  environment  are  almost 
exclusively  caused  by  strains  of  species  that  are  members  of  the 
division  Cyanophyta,  commonly  called  blue-green  algae  or 
cyanobacteria.  Although  cyanobacteria  are  found  in  almost  any 
environment  ranging  from  hot  springs  to  Antarctic  soils,  known 
toxic  members  are  mostly  planktonic.  Published  accounts  of  field 
poisonings  by  cyanobacteria  are  known  since  the  late  19th  century 
(Francis,  1878).  These  reports  describe  sickness  and  death  of 
livestock,  pets,  and  wildlife  following  ingestion  of  water 
containing  toxic  algae  cells  or  the  toxin  released  by  the  aging 
cells.  Recent  reviews  of  these  poisonings  and  the  toxins  of 
freshwater  cyanobacteria  are  given  by  Carmichael  (1981,  1986, 
1988),  Codd  and  Bell  (198S)  and  Gorham  and  Carmichael  (1988). 

while  about  12  genera  have  been  implicated  in  cyanobacteria 
poisonings  only  toxins  from  nfl,  AEhaaiagMnan.  Microcystis. 

Nodularis,  and  Oscillatoria  have  been  isolated,  at  least 
partially  chemically  defined  and  the  toxins  studied  for  their 
mode  of  action.  In  addition  to  th*  acute  lethal  toxins,  some 
cyanobacteria  produce  potent  cytotoxins.  These  secondary 
chemicals  are  not  considered  in  this  chapter  but  the  reader  is 
referred  to  papers  by  Barchi  at  al.  (1983,  1984);  Carmichael 
(1988);  Moor*  at  al.  (1984,  1986);  Mason  (1982)  and 

Gleason  and  Paulson  (1984)  for  further  discussion  of  these 
compounds.  These  cytotoxins  are  also  listed  in  Table  2. 

Economic  losses  related  to  freshwater  cyanobacterial  toxins  are 
the  result  of  contact  with  or  consumption  of  water  containing 
toxin  and/or  toxic  calls.  These  toxins  are  water-soluble  and 
temperature-stable.  They  are  either  released  by  the 
cyanobacterial  cell  or  loosely  bound  so  that  changes  in  cell 
permeability  or  age  allow  their  release  into  the  environment. 
Lethal  and  sublethal  amounts  of  these  toxins  become  available  to 
animals  during  periods  of  heavy  cell  growth,  termed 
"waterblooms,”  especially  when  the  waterbloom  accumulates  on  the 
surface,  inshore,  where  animals  are  watering.  Waterblooms  can 
occur  wherever  proper  conditions  for  growth,  including 
irradiance,  temperature,  neutral  or  alkaline  conditions,  and 
nutrients  are  found.  The  increasing  eutrophication  of  water 
supplies  from  urban  and  agricultural  sources,  which  raises 
mineral  nutrient  levels,  has  increased  the  occurrence  and 
intensity  of  these  annual  blooms.  It  should  be  noted  that 
although  there  are  several  bloom-forming  genera  of  cyanobacteria 
those  that  occur  aost  often  are  also  those  that  can  produce 
toxins.  Known  occurrences  of  toxic  cyanobacteria  in  water 
supplies  (Table  1),  include  Canada  (four  provinces,  Europe  (12 
countries).  United  States  (20  states),  USSR  (Ukraine),  Australia, 
India,  Bangladesh,  South  Africa,  Israel,  Japan,  New  Zealand, 
Argentina,  Chile  and  th*  Peoples  Republic  of  China  (Skulberg,  et 
al. .  1984;  Carmichael  et  al..  1985,  Gorham  and  Carmichael,  1988). 
Not  all  blooms  of  a  toxigenic  species  produce  toxins,  however. 
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and  it  is  not  possible  to  tall  by  microscopic  axaainaticn  of  the 
calls  whether  thay  ara  toxic.  Environmental  conditions  that 
favor  blooa  formation  include  (1)  moderate  to  high  levels  of 
nutrients,  especially  phosphorus  and  nitrate  or  ammonia,  (2) 
water  temperatures. between  15  and  30 *C,  and  (3)  a  pH  between  6 
and  9  or  higher  (Skulberg  at  al . .  1984).  The  economic  impact 
from  toxic  freshwater  cyanobacteria  include  the  costs  incurred 
froa  deaths  of  domestic  animals;  allergic  and  gastrointestinal 
probleas  after  human  contact  with  water  blooms  (including  lest 
income  fres  recreational  areas);  and  increased  expense  for  the 
detection  and  removal  of  taste,  odor,  and  toxins  (although  no 
approved  meth'd  yet  exists  for  removal  of  toxins,  activated 
carbon  has  baen  tried  in  certain  areas),  "his  section  summarizes 
the  neurotoxins  and  hepatotoxins  of  fresh  and  brackish  water 
cyanobacteria.  A  summary  of  these  compounds  is  given  in  Table  2. 
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2 .  NEUROTOXINS 


a.  Aaatoalna 

Neurotoxins  produced  by  filamentous  Anabaana  flss-aouaa  .'-a 
called  anatoxins  (ANTX)  (Carsichaal  and  Gorham,  1973).  %o 
anatoxins  ( AXTX-A  and  A(S) )  ara  availabla  for  structura  and 
function  studies.  ANTX-A  fro*  strain  NRC-44-1  is  tha  first  toxin 
fro*  a  freshwater  cyanobacteria  to  b«  chemically  defined.  It  is 
the  secondary  amine,  2-acatyl-9-azabicyclo  (4-2-1)  non-2-ene 
(Huber,  1972;  Devlin  at  al . .  1977),  molecular  weight  166  daltons 
(Fig.  la).  It  has  been  synthesised  through  a  ring  expansion  of 
cocaine  (Campbell  at  al. .  1977,  1979),  from  iminium  salts  (Bates 
and  Rapoport,  1979;  Peterson  at  al . .  1914,  1985),  from  4- 

cycloheptenone  or  tetrabromotricyclooctane  (Danheiser  at  al. . 
1985)  by  construction  of  the  asabicyclo  ring  from  9-*ethyl-9- 
asabicyclo  [3.3.1]  nonan-l-ol  (Wiseman  and  Lee,  1986),  and  by 
starting  with  9-*ethyl-9-axa[4.2. 1]  nonan-2-one  (Lindgren  at  al . . 
1987) . 


R-M; 
ft-OH; 


Fig.  l.a.  (left)  Anatoxin-a  (ANTX-A)  hydrochloride.  Produce* 

by  the  freshwater  filamentous  cyano¬ 
bacterium  Anatoitni  flos-aouae  NRC-44-1. 

(right)  Aphantoxin-I  (neosaxi toxin)  and  Aphantoxm 
II  (saxitoxin)  produced  by  certain  strains 
of  the  filamentous  cyanobacterium 


ANTX-A  is  a  potant,  postsynuptic,  depolarizing,  neuromuscular 
blocking  agant  that  affects  noth  nicotinic  and  auscannic 
acetylcholine  (ACH)  receptors  at  the  ACH  channel  (Caraichael  et 
al . .  1979;  Spivak  et  al .  ,  1980.  1983;  Aronstaa  and  Witkop,  1981). 
Signs  of  poisoning  in  field  reports  for  wild  and  domestic  aniaals 
include  staggering,  auscle  fasciculationa,  gasping,  convulsions, 
and  opisthotonos  (birds).  Death  by  respiratory  arrest  occurs 
within  ainutes  to  a  few  hours  depending  on  species,  dosage,  and 
prior  food  consuaption.  The  LD^  irtraperitoneal  (IP)  souse  for 
purified  toxin  is  about  200ug/kg  body  weight,  with  survival  tiae 
of  4-7  sin.  This  aeans  that  aniaals  need  to  ingest  only  a  few 
ailliliters  to  a  few  liters  of  the  toxic  surface  doom  to  receive 
a  lethal  bolus  (Caraichael  and  Gorhaa,  1977;  Carmichael  et  al . . 
1977,  Caraichael  and  Biggs,  1978). 

Anatoxin-A(S)  [ AMTX-A(S) ] ,  produced  by  &.  flos-aauae  HRC-525-17, 
is  different  froa  ANTX-A.  It  produces  opisthonos  in  chicks,  as 
does  ANTX-A,  but  also  causes  viscous  salivation  [which  gives  the 
terminology  its  (S)  label]  and  lachrymation  in  mice, 
chroaodacryorrhea  in  rats,  urinary  incontinence,  and  defecation 
prior  to  death  by  respiratory  arrest.  Also  observed  is  a  dose- 
dependent  fasciculation  of  liabs  for  1-2  ain  after  death.  ANTX- 
A ( S )  has  been  purified  by  coluan  chromatography  and  high- 
perforaance  liquid  chromatography  (HPLC)  (Carmichael  and  Mahaood, 
1984)  ,  but  its  structure  is  still  being  worked  cn.  ANTX-A(S)  is 
acid  stable,  unstable  in  basic  conditions,  has  very  low 
ultraviolet  (uv)  absorbance,  gives  a  positive  alkaloid  test,  and 
has  a  molecular  weight  estimated  by  gel  exclusion  chromatography 
and  aass  spectrometry  of  about  250  dal  tons. 

The  LC^,  IP  mouse  for  ANTX-A(S)  is  about  70  ug/kg,  six  tiaes  sore 
toxic  than  ANTX-A.  At  the  LC^  the  survival  tiae  for  aice  is  10- 
30  ain.  Mahaood  and  Caraichael  (1986a)  conclude  that  the 
toxicological  and  pharmacological  signs  of  poisoning  indicate 
excessive,  cholinergic  stiaulation.  Recent  work  by  Mahaood  and 
Carmichael  (1987)  shows  that  ANTX-A(S)  is  an  irreversible 
anticholinesterase. 

Mahaood  and  co-workers  (1988)  have  identified  Ajrrx-A(S)  as  the 
probably  cause  of  death  for  five  dogs,  eight  pups  and  two  calves 
that  ingested  quantities  of  &.  flos-acruas  in  Richmond  Lake,  South 
Dakota,  in  late  suaaer  1985.  At  present  all  neurotoxic  A-  flos- 
aouas  strains  studied  in  the  laboratory  have  come  froa  North 
America.  There  are,  however,  some  recent  reports  of  neurotoxic 
Anabaena  in  Australia  (Runneqar  et  al..  1988a),  Japan  and 
Scandinavia  (M.  Watanabe,  O.M.  Skulberg,  and  K.  Sivonen  personal 
coaaunication) .  It  seems  likely  that  once  they  are  looked  for, 
neurotoxic  Anabaena  will  be  found  in  all  the  same  geographic 
areas  as  other  toxic  cyanobacteria. 


b.  lohanto^ina 


Occurrence  of  naurotoxina  (aphantoxina)  in  the  freshwater 
filamentous  cyanobacterium  Aohanixomanon  glaiTftgUAf  was  first 
daaonatratad  by  Sawyer  and  co-workers  (1968).  All  aphantoxina 
( APHTXS)  atudiad  to  data  hava  com  from  watarblooms  and 
laboratory  atraina  of  nonfaaciculata  (non-f like-forming)  Aph. 
floa-aauaa  that  occurrad  in  lakaa  and  ponda  of  New  Haapahira  from 
1966  through  1980.  Toxic  calls  and  axtracta  of  Aph.  floa-aauaa 
vara  shown  to  ba  toxic  to  aica,  fish,  and  waterfleas  fDaohnia 
catawba )  by  Jakim  and  Gantila  (1968).  Chromatographic  and 
pharmacological  avidanca  aatabliahad  that  APHTXS  consist  mainly 
of  two  naurotoxic  alkaloids  that  strongly  rasamblad  saxitoxin 
(STX)  and  naosaxitoxin  (naoSTX),  tha  two  primary  toxins  of  rad 
tida  paralytic  shallfish  poisoning  (PSP)  (Sasnar  at  al. .  1984). 
Tha  bloom  matarial  and  toxic  strain  usad  in  studias  bafora  1980 
caat  from  col lact ions  mads  batvaan  1960  and  1970.  Tha  mora 
r scant  work  on  APHTXS  has  usad  two  strains  (NK-1  and  NH-5) 
isolatad  by  Carmichaal  in  1980  from  a  small  pond  naar  Durham,  Naw 
Haapahira  (Carmichaal,  1982;  Xkawa  at  al. ,  1982).  Thasa  APHTXS, 
as  wall  as  naoSTX  and  STX,  arm  fast-acting  naurotoxina  that 
inhibit  narvQ  conduction  by  blocking  sodium  channals  without 
affacting  parmaability  to  potassium,  and  transmambrana  rasting 
potantial,  or  Mmbrana  rasistanca  (Adalman  at  al..  1982). 

Mahmood  and  Carmichaal  (1986b),  using  tha  NH-5  strain  showad  that 
batch-cultured  calls  hava  a  mouaa  ZP  LO,,  of  about  5  mg/kg.  Each 
gram  of  lyophilisad  calls  yialda  about  i.3  mg  aphantoxin  I 
(naosaxitoxin)  and  0.1  i^g  aphantoxin  II  (saxitoxin)  (Pig.  lb). 
Also  datactad  wars  thraa  un a tab la  naurotoxina  that  wars  not 
similar  to  any  of  tha  known  paralytic  shallfish  poisons. 

Shiaiiu  and  co-workers  (1984)  atudiad  tha  biosynthesis  of  tha  STX 
analog  naoSTX  using  Ach.  floa-acuas  HH-1.  Thsy  wars  abla  to 
confirm  its  prasanca  in  strain  NH-1  and  to  explain  tha 
biosynthatic  pathway  for  this  important  group  of  secondary 
chemicals. 


3 .  H1PATOTOXIHS 

Low-mo lacular-weight  paptida  toxins  that  affact  tha  livar  hava 
baan  tha  pradominant  toxins  involvad  in  casas  of  animal 
poisonings  dua  to  cyanobactarial  toxins  (Schviasar  and  SchwimMr, 
1968;  carmichaal,  1986;  and  Gorham  and  Carmichaal,  1988).  Aftar 
almost  25  yaars  of  structure  analysis  on  toxic  paptidas  of  tha 
colonial  bloom-forming  cyanobacterium  Microcystis  aeruginosa. 
Botam  and  co-workars  ( 1982a,  b,  1986)  and  Santikam  and  col  leagues 
(1983)  provided  structure  details  on  one  of  four  toxins 
(designated  toxin  BE-4)  produced  by  tha  South  African  Ho. 
aaruoinosa  atrain  WR70  (-  UV-010) .  They  concludad  that  it  was 
monocyclic  and  contained  thraa  D- amino  acids — alanine,  erythro-0- 
aethy lamps rtic  acid,  and  glutamic  acid,  two  L-amino  acids — 
laucina  and  alanine— plus  two  unusual  amino  acids.  Thasa  wars  y~ 
me  thy ldahydroa 1 an i na  (Madha)  and  a  nonpolar  side  chain  of  20 
carbon  atoms  that  turned  out  to  ba  a  novel  8-amino  acid;  3-amino- 
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9-aethoxy-2 ,  6,  a-triaethyl-10-phenyldeca-4,  6-dienoic  acid  (ADDA). 
Based  on  fast  atoa  bombardment  mass  spectrometry  (FABM5)  and 
nuciaar  cagnetlc  resonance  ( HKk)  studies,  DE-4  vox  in  is  now  known 
to  be  a  cyclic  heptapeptide  having  a  molecular  weight  of  909 
da.1. tons.  Botes  and  co-workers  (1985)  also  showed  that  the  other 
three  toxins  of  strain  WR-70  al1  had  the  saae  D-asino  acids  and 
the  two  novel  amino  acids  (Nedha  and  AODA) .  They  differed  in 
that  the  L-esino  acids  were  leucine-arqinine;  tyros  ine-arq  in  me 
and  tyrosine-alanine  instead  of  leucine-alanine  as  in  toxin  BE-4. 
They  were  also  able  to  show  that  the  hepatotoxin  isolated  by 
Elleman  and  colleaques  (1978)  from  water  bj'oom  material  collected 
in  Nalpes  has,  Mew  South  Wales,  Australia,  contained  the  five 
characteristic  amino  acids  plus  the  L-asino  acid  variants 
tyrosine-sethionine . 

Instead  of  callinq  the  BE-4  toxin  sicroevstin,  as  previous 
Microcystis  toxins  were  called  (Konst  at  al. .  1965;  Kurthy  and 
Capindale,  1970;  Rabin  and  Darbre,  1975)  and  using  alphabetical 
or  numerical  suffixes  to  indicate  chromatographic  elution  order 
or  structural  differences.  Botes  (1986)  proposed  the  generically 
derived  designation  cyanoginosin  (CYCSM) .  This  name,  which 
indicates  the  cyanobacterial  species  f  1.  a .  aeruginosa)  origin,  is 
followed  by  a  two-letter  suffix  that  indicates  the  identity  and 
sequence  of  the  two  L-amino  acids  relative  to  the  N-Ne- 
dehydroalanyl-D-alanine  bond.  Thus  toxin  BE-4  was  renamed 
cyanoginosin-lA  since  leucine  and  alanine  are  the  L-amino  acids. 

Microcystin  (MCYST)  is  the  term  given  to  the  fast  death  factor 
(FOP)  produced  by  a*  aeruginosa  strain  KRC-1  and  its  daughter 
strain  NRC-1  (SS-17)  (Bishop  at  al..  1959;  Konst  et  al . .  1965). 

A  definitive  structure  for  the  toxin  of  strain  NRC-i  (SS-17)  is 
not  yet  available  but  is  known  to  be  a  peptide  (MW  994) 
containing  the  variant  L-amino  acids  leucine  and  arginine 
(Carmichael,  unpublished).  Krishnamurthy  and  co-workers 
( 1986a, b)  have  shown  that  the  toxin  isolated  from  a  waterbloos  of 
M,  aeruginosa  collected  in  Lake  Akersvatn,  Norway  (Berg  et  al .  . 
1987),  has  a  structure  similar  to  that  of  NYCST  from  NRC-l  (SS- 
17)  and  CYGSN-LR.  This  toxin  has  also  been  found  to  be  the  sain 
toxin  produced  by  the  Scottish  strain  of  H*.  aeruginosa  PCC-7820 
and  a  Canadian  Al  floa-aguae  strain  S-23-g-l  (Krishnamurthy  *£ 
ALa.,  196  a,b).  The  identification  of  a  peptide  toxin  from  A. 
flos-aouae  S-23-g-l  provides  the  first  evidence  that  these 
hepatotoxins  are  produced  by  filamentous  us  well  as  coccoid 
cyanobacteria.  Au.  Cloi-flgUAi  S-23-g-l  and  toxic  IL.  garaging 8 a 
froa  a  waterbloos  in  Wisconsin  also  produced  a  second  cyclic 
heptapeptide  hepatotoxin,  which  has  been  found  to  have  six  of  the 
saae  amino  acids,  that  is,  leucine-arginine,  but  has  aspartic 
acid  instead  of  0-me  thy  1  aspartic  acid  (Krishnamurthy  et  al . . 
1986a). 

The  filamentous  genus  Oscillatorla  has  also  been  shown  to  produce 
a  hepatotoxin  (Ostansvik  i£_aL.,  19*1:  Eriksson  et  al..  1987a). 
Froa  water  blooms  of  agardhll  var  and  fl*  aoardhii  var. 
isothrix,  two  siailar  cyclic  heptapeptides  have  been  isolated. 
Both  toxins  have  the  variant  L-naino  acids  arginine-arginine  and 
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aspartic  acid  instead  of  d-aethylaspartic  acid.  Tha  toxin  frca 
0.  aaardhii  var.  iaothrix  alao  haa  dehydroalunine  inataad  of 
aethyldehydroalanine  (Krishnamurthy  at  al. .  1986b)  .  Mora 
racantly  {L.  yjridia  (Kusumi  at  al. .  1987)  and  aeruginosa 
(Painuly  at  al . .  1988;  Harada  at  al . .  1988)  hava  baan  shown  to 
produca  tha  cyclic  haptapaptida  with  an  arginine-arginine  "L" 
aaino  acid  variant. 

Nodularla  soumlaana  haa  also  baan  shown  to  produca  a  paptida  with 
hapatotoxic  activity.  Tha  sora  racant  raports  com  froa 
Australia  (Main  at  al. .  1977) ,  tha  German  Democratic  Republic 
(Kalba  and  Tiess,  1964),  Danmark  (Lindstrom,  1976),  Swadan  (Edlar 
at  al..  1985)  and  Finland  (Eriksson  at  al . .  1988;  Parsson  at  al . . 
1984).  Racantly  structure  information  on  Modularia  toxin  haa 
baan  presented  by  Rinehart  (Royal  Soc.  Cham.,  Ann.  Cham. 

Congress,  Swansea,  U.K.,  April  13-16,  1987,  Paper  A-12)  for 
waterbloom  material  collected  in  Lake  Forsythe,  Mew  Zealand  in 
1984;  by  Carmichael  and  co-workers  (1988)  for  a  clonal  isolate 
froa  Lake  Ellesmere,  New  Zealand;  by  Eriksson  and  co-workers 
( 1988)  from  waterbloom  material  collected  in  the  Baltic  .'>ea  in 
1986  and  Runneqar  and  colleagues  (1988b)  for  a  field  isolate  froa 
tha  Peal  Inlet,  Perth.  Australia.  Structure  work  by  these  groups 
all  indicate  that  tha  peptide  is  smaller  than  tha  heptapaptides 
toxins.  Rinehart  and  co-workers  (1988)  showed  that  tna  toxin  is 
a  pantapaptide  with  a  similar  structure  to  tha  heptapaptides  and 
containing  0-Mthylaspartic  acid,  glutamic  acid,  arginine,  N- 
aethyl-dehydrobutyrine  and  A0QA  (M.tf.  824)  (Fig.  2). 

i-  tadi  al  ActlfliL-laE-HlmcyitlM 

The  liver  has  always  bean  reported  as  the  organ  that  showed  tha 
greatest  degree  of  histopathological  change  whan  animals  are 
poisoned  by  these  cyclic  peptides.  The  molecular  basis  of  action 
for  these  cyclic  peptides  is  not  yet  understood  but  the  cause  of 
death  from  toxin  and  toxic  cells  administered  to  laboratory  sice 
and  rats  is  at  least  partially  known  and  is  concluded  to  be 
hypovolemic  shock  caused  by  interstitial  hemorrhage  into  the 
liver  (Theiss  at  al. .  i.988) .  This  work  with  small  animal  aodels 
is  currently  being  extended  to  larger  animals  in  order  to  study 
the  uptake,  distribution,  and  metabolism  of  the  toxins  (Beasley 
et  al. .  unpublished  data) .  There  is  evidence  to  show  from 
studies  using  nI- labeled  CYGSH-YM  (NCYST-YM)  that  the  liver  is 
the  organ  for  both  accumulation  and  excretion  (Falconer  et  al. . 
1986;  Runnegar  et  al..  1986a) .  Brooks  and  Codd  (1987),  using  Cu 
labeled  NCYST-LR,  showed  that  seventy  percent  of  the  labeled 
toxin  was  localized  in  the  souse  liver  after  1  min  following 
intraperitoneal  injection  of  the  toxin. 

Studies  at  both  the  light  and  electron  microscopic  (EM)  level  of 
time-course  histopathological  changes  in  mouse  liver  show  rapid 
and  extensive  centrilobular  necrosis  of  the  liver  with  loss  of 
characteristic  architecture  of  the  hepatic  cords. 
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r.a.  2  Structure  of  nodularin  (NODLM)  produced  by  IlSLluiJXiA 

gnuM iaina  vatarblooa  from  Lake  Foray^ha,  Naw  „a»land  and 
clonal  iaoiata  L575  from  Laka  EUaaaara,  Naw  Zaaiand 
(Rinahart  ac  1938). 
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Sinu«ntd  endotheliil  cells  and  than  hapatocytas  show  extensive 
f raqMnwjtion  and  vssiculation  of  csll  nesbranes  (Runnegar  and 
Falconer,  1981;  Forill  and  Sasner,  1981).  Using  nicrocystin-LR 
from  IL.  aeruginosa  strain  PCC-7820,  Dabholkar  and  Carmichael 
(1987)  found  that  at  both  lathal  and  sublathal  toxin  lavals 
hepatocytea  show  progressive  intracellular  changes  beginning  at 
about  10  ein  post  inject  ion.  The  most  couon  response  to  lethal 
and  sublathal  injections  is  vssiculation  of  rough  endoplasmic 
reticulum  ( RER) ,  swollen  sitochondr ia ,  and  degranulation  (partial 
or  total  loss  of  ribosomes  froa  vesicles) .  The  vesicles  appear 
to  fora  froa  dilated  parts  of  RER  by  fragaentation  or  separation. 
Affected  hapatocytas  reaain  intact  and  do  not  lyse.  Use  of  the 
isolated  perfused  rat  liver  to  study  the  pathology  of  these 
toxins  shows  siailar  results  to  the  ia  vivo  work.  Berg  and  co- 
workers  (1988)  used  three  structurally  different  cyclic 
heptapeptide  hepatotoxins  (MCYST-LR;  desaethyl  HCYST-RR  and 
didesaethyl  HCYST-RR).  All  three  toxins  had  *  siailar  effect  on 
the  perfused  liver  systea  although  both  ■RR"  toxins  required 
higher  concentrations  (5-7x)  to  produce  their  effect.  This  was 
consistent  with  the  lower  toxicity  of  the  "RR"  toxins,  which  was 
about  500  and  1000  Mg/kg  i.p.  souse  compared  to  50  M9/kg  for 
MCYST-LR. 

ID  vitro  studies  on  isolated  cells  including  hapatocytas, 
erythrocytes,  fibroblasts  and  alveolar  cells  continue  to 
demonstrate  the  specificity  of  action  that  these  toxins  have  for 
livar  cells  (Eriksson  at  al..  1987a;  Runnegar  at  al. .  1987  and 
Falconer  and  Runnegar,  1987).  This  has  led  Aune  and  Berg  ( I  =» 8 7 ) 
to  use  isolated  rat  hapatocytas  as  a  screen  for  detecting 
hepatotoxic  waterblooas  of  cyanobacteria. 

The  cellular/aolecular  mechanism  of  action  for  these  cyclic 
peptide  toxins  is  now  an  area  of  active  research  in  several 
laboratories,  these  peptides  cause  striking  ultrastructural 
changes  in  isolated  hapatocytas  (Runnegar  and  Falconer,  1986b) 
including  a  decrease  in  the  polymerization  of  actin.  This  effect 
of  the  cells  cytoskeletal  systea  continues  to  be  investigated  and 
recent  work  supports  the  idea  that  these  toxins  interact  with  the 
cells  cytoskeletal  systea  (Eriksson  at  al. .  1987b;  Falconer  and 
Runnegar,  1987) .  The  apparent  specificity  of  these  toxins  for 
liver  cells  is  not  clear  although  it  has  been  suggested  that  the 
bile  uptake  systea  may  be  at  least  partly  responsible  for 
penetration  of  the  toxin  into  the  Tell  (Berg,  at  al. .  1988)  . 

2.  Naming  the  Cyclic  Peptide  Hepatotoxins 

The  hepatotoxins  have  been  called  Fast-Death  Factor  (Bishop  c£ 
alj.,  1959),  Microcystin  (Konst  at  al . .  1965),  Cyanoginosin  (Botes 
et  al . .  1986),  Cyanoviridin  (Xusumi  at  al. .  1907)  and 
Cyanogenosin  (apparently  a  misspelling  of  cyanoginosin)  (Painuly 
et  al. .  1988).  Continued  use  of  this  multiple  naming  system  will 
create  confusion  and  misunderstanding  as  more  is  published  on 
these  cyclic  peptides.  A  number  of  investigators  doing  research 
on  these  toxins  have  therefore  proposed  a  systea  of  nomenclature 
based  on  the  original  term  nicrocystin  (MCYST)  (Carmichael  £& 


al. .  1988 ,  Appendix  II).  Using  this  systea  the  structure*  of 
Known  aicrccystins  are  given  in  rig.  3. 
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MCYST-lAfl1  -UmR^CHyR3*  AiarR^-CMj  900 

MCYST-YA:  R1  .  Tyr;  r2  -  CHj  R3  «  AM;  R4  -  CH  3  969 

MCYST-UtR1  -UujF^-CH^R3-  ^  a4-CH3  904 

MCYST-LR  R1  »  Leu:  R2  -  *  R3- Aig;  980 

MCYST-YttR1  -TyrR2-CH3>R3-M^R4»CH3  1035 

MCYST-RR  R1  ■  Aig;  R2  ■  CH^  R3  *  Aig;  R4  »  CH  3  1037 

MCYST-RR  R1  »  Arg;  R2  -  H;  R3  »  Aig;  R4  *  CH  3  1023 

deamctiyt  3.7-  MCYST-RR  R1  »  Arg;  R2  *  M;  R3  *  A/g;  R4  »  M  1009 

MCYST-YR  R1  *Tyr  R2  *  CH^  R3  »  Arg;  R4  ■■  CH  3  1044 


Fig.  3  Structure  of  Known  aicrocystins  (refer  also  to  Table  2) . 

a.  Structure  of  six  aicrocystins  varying  only  in  L-aaino 
acids  and  three  aicrocystins  with  desaathyl  portions  of 
aaino  acids  3  and  7 


r 
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B.  WORKS COPE  ( Experimental  Programs) 

1.  Culture,  Harvest,  Cell  Yislds,  Field  Saapling,  and 

Prsssrvation  of  Toxic  Blue-Green  Algae  (Cyanobacteria) 

Anabaena  flos-aouae  strains  HRC-525-) 7-b-l-e  and  44-1-S,  and 
tilcrQCYftll  aeruginosa  strains  PCC-7820  and  M-228  art  bsing  grown 
in  bulk  quantities  to  provide  material  for  the  extraction  '•r 
Anatoxin-a(s)  ,  Anatoxir.-a,  Microcystin-LR  and  YR,  the  toxins 
produced  respectively  by  these  four  cyanobacteria.  Modular! a 
muaiflini  strain  L-575  and  Abhanlzomanon  flos-aouas  strain  SH-5-a 
are  being  grown  in  moderate  bulk  quantities  to  provide  material 
for  toxin  analysis.  Twenty-five  20-liter  flasks  with  stirring 
paddles,  and  one  90-liter  plexiglass  cylinder  are  being  used  to 
grow  aeruginosa  7820  in  a  semi -continuous  batch  culture 
system.  Two  20-liter  flasks  with  stirring  paddles  and  one  130- 
liter  fiberglass  cylinder  are  being  used  to  grown  L  aeruginosa 
M-228  in  a  semi -continuous  batch  culture  system.  ■nusimn* 

573  and  Ach.  flos-aouas  MH-5-a  are  being  batch  cultured  in  five 
and  nine  12-liter  bottles,  respectively.  Ax  f los-aauae  44-1-S  is 
being  semi-continuously  cultured  in  one  20-liter  flask.  Two  20- 
liter  flasks  are  dedicated  to  growing  another  neurotoxic  strain 
of  flos-aouae  (IG-20)  for  toxin  analysis.  Ore  90-liter 
computer-monitored  fermenter  was  installed  in  January  of  1988  for 
semi -continuous  culturing  of  525-17-b-l-e. 

Aj.  flos-aouae  strain  525-17-b-l-e  is  being  batch  cultured  in  two 
200-liter  tubs,  using  room  temperature  conditions.  These 
fiberglass  tubs  were  prepared  for  culture  by  sealing  their  inside 
surfaces  with  polyurethane.  A  5/8*  PVC  pipe  studded  with  5 
aquarium  aerators  is  wedged  lengthwise  into  the  bottom  of  each 
tub.  Filtered  room  air  is  used  to  aerate  the  cultures  (Whatman 
12-20  grade  filter  tubes)  .  Each  tub  is  covered  by  a  sheet  of 
plexiglass  elevated  slightly  above  the  top  of  the  tub  by  rubber 
stoppers  at  each  comer.  Banks  of  four  4-foot  Duro-Test  Vita- 
Lites  (40  watts)  are  suspended  above  each  tub.  The  incident 
light  passing  through  the  plexiglass  and  reaching  the  surface  of 
the  culture  is  80-100  nZ/w/%.  The  medium  used  is  BG-ll.  The 
medium  is  prepared  by  first  filling  the  tubs  with  deionized  water 
that  has  bean  filter-sterilized  through  a  0.22  u  Millipack  200 
filter  unit.  Nutrient  salts  are  dissolved  secarately  in  1-  or  2- 
liter  flasks,  autoclaved,  and  then  added  to  the  water  filled 
tubs.  Aeration  is  used  to  mix  the  contents,  inoculum  (12  liters) 
is  added,  allowed  to  mix,  and  then  the  air  and  light  are  removed 
overnight.  More  inoculum  may  be  added  later,  depending  on  the 
growth  of  the  culture.  The  total  contents  of  the  tubs  are 
harvested  every  three  weeks.  The  200  liter  contents  of  each  tub 
are  reduced  during  harvesting  to  about  3  liters  with  a  Pell icon 
Millipore  cell  concentrator  system.  Concentration  is  done  in 
about  four  hours,  with  cell  recovery  over  95%.  If  the  cells  are 
healthy  and  the  culture  is  not  lysing,  the  toxin  is  retained 
within  the  cells.  The  concentrated  cells  are  freeze-dried  and 
stored  in  a  -18 *C  freezer  until  they  are  extracted. 


A.  f los-acqae  strain  525-17-b-l-e  is  also  sesi-centinuously 
cultured  in  fiva  180-liter  cylinders  at  22-25*C.  These  cylinders 
are  of  two  types:  four  have  5/8"  PVC  pipes  with  air  holes 
drilled  into  the  bottom  $  inches  extending  the  length  of  the 
cylinders;  one  has  custom  aade  aerators  Bade  of  plexiglass  and 
amber  latex  tubing  at  the  bass  of  the  cylinders.  Banks  of  tvo  4- 
foot  Duro-Test  vita-Lites  (40  watts)  are  suspended  beside  the 
cylinders.  The  inciden4.  light  passing  through  the  fiberglass  and 
reaching  the  surface  of  the  cultures  is  80-100  aE/mys.  filtered 
rooa  air  is  used  to  aerate  the  cultures  (Whatsan  12-20  grade 
filter  tubes  and  Killex-FG  0.2  urn  filter  units).  Hie  medium  used 
is  BG-ll .  Medium  and  nutrient  salts  are  added  to  the  cylinders 
in  the  saae  vay  that  thay  are  added  to  the  fiberglass  tubs. 
Inoculum  (24  liters)  is  added  and  allowed  to  mix.  Aluminum  foil 
around  the  cylinders  la  used  to  regulate  the  incident  light, 
especially  during  the  first  1  or  2  weeks  of  growth.  More 
inoculum  may  be  added  2  or  3  days  latar,  depending  on  the  growth 
of  the  culture.  These  cylinders  are  harvested  or.ce  per  w««k  by 
removing  24  liters.  Sampling  of  the  cultures  is  done  via  a 
stopcock  at  the  base  of  the  cylinder,  and  replacement  of  che 
volume  is  done  with  nterile  BG-ll  medium  poured  into  the  top  of 
the  cylinder.  The  24  liter  sasple  is  reduced  to  approximately  3 
liters  with  _ue  Pelliccn  Cell  Concentrator.  The  concentrated 
cells  are  freeze-dri'&l  and  stored. 

Since  nlgrocyatll  aiTUgiaQia  strain  7820  experiences  a  3-4  day 
lag  period  when  cultured,  it  is  *:emi-continuously  cultured  in  25 
20-liter  Bellco  Microcarrier  Magnetic  stirrers.  These  flask 
cultures  are  kept  at  22-25 *C.  The  flasks  are  illuminated  with 
Vita-Lita  fluorescent  bulbs.  Cultures  in  the  flasks  are  aerated 
with  filtered  room  air  passed  through  glass  aerators.  The 
aerators  are  inserted  into  Consolidated  Plastics  bulkhead  unions 
on  the  left  side  of  the  spinner  flasks.  The  stem  of  che  spinner 
flask  stirring  blade  is  held  by  a  bulkhead  union  in  the  center 
cap  of  the  flasks.  The  right  hand  cap  holds  a  glass  elbow  vent 
tuoe.  The  culture  is  sampled  and  medium  (BG-ll)  aseptically 
replaced  throuqh  this  tube.  Various  harvest  volumes  and  lengths 
◦  f  time  between  harvests  were  compared  to  find  the  most 
productive  combination  without  depressing  growth  of  the  culture. 
Presently,  8-9  liters  are  taken  once  per  week  from  each  flask. 
Initial  set-up  of  the  flasks  involves  autoclaving  about  12  liters 
of  BG-ll  medium  in  each  flask  and  inoculating  it  with  4  liters  of 
log  phase  culture.  Sampling  of  the  cultures  and  replacement  of 
volume  with  sterile  media  is  done  by  syphoning  out  the  alga*  and 
draining  in  the  sterile  media  from  an  alevated  9  liter  jar 
through  the  glasu  elbow  tube.  Calls  harvestod  from  all  jars  on  a 
given  date  are  combined,  concentrated,  and  freeze-dried.  Freezo- 
dried  material  is  stored  at  -18 *C  until  it  is  extracted. 

Microcystis  aeruginosa  7820  is  also  batch  cultured  in  one  90- 
liter  plexiglass  cylinder  kept  at  22-25*C.  A  1/8"  PVC  pipe  with 
air  holes  drilled  into  the  bottom  6*  extends  the  length  of  the 
cylinder.  Filtered  room  air  is  used  to  aerate  the  culture. 

Banks  of  40  watt  Vita-Litas  provide  incident  light.  The  medium 
used  is  BG-ll.  Sixty-eight  liters  of  sterile  BG-ll  is  added  to 
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the  cylinder  by  pouring  it  into  the  top.  This  is  allowed  to  mx 
by  aeration.  Inoculum  (12  liters)  is  added  and  allowad  to  mx. 
Additional  inoculum  may  be  added  later  depending  on  the  growth  of 
the  culture.  The  total  contents  of  the  cylinder  are  harvested 
every  4-5  weeks.  The  approximately  90  liters  are  reduced  to 
about  3  liters,  freeze-c*ried,  and  stored  at  -18 ‘C.  Microcysiis 
aeruginosa  strain  M-228  is  being  grown  in  one  180-liter  cylinder 
which  is  managed  as  the  other  180-liter  cylinders,  with  BO-11 
used  as  the  medium.  It  is  also  grown  in  two  20-liter  Bellco 
spinner  flasks.  Again,  these  flasks  are  managed  as  the  other  20- 
liter  spinner  flasks. 

Presently,  f los-aauae  strains  44-1-s  and  1G-20  are  being  grown 
in  one  and  two  20-liter  Bellco  Spinner  flasks,  respectively. 

Both  are  managed  as  the  other  20-liter  spinner  flasks,  with  ASM-1 
used  as  the  medium. 

N .  spumiuena  L-575  and  Aph.  flos-aauae  NH-5-a  are  batch  cultured 
m  five  and  nine  12-liter  bottles,  respectively.  The  cultures 
are  kept  at  22-25‘C.  They  are  illuminated  with  Vita-Lite 
fluorescent  bulbs  and  aerated  with  filtered  air  passed  through 
glass  aerators.  Presently,  the  total  volumes  of  five  L-575  12- 
liter  bottles  are  harvested  every  2-3  weeks.  These  volumes  are 
reduced  to  3  liters,  freeze-dried,  and  stored  at  -18 ‘C.  Table  3 
and  Table  4  summarize  current  culture  volumes,  LD,0's,  and  yields 
of  cells. 


Japan  -  Maid  laulata 

NR.C.  -  National  Kaaaarch  Council,  Ottawa,  Canada 

Nvw  Zealand  -  tiald  iaolata 

Nuw  tlaupuhlra  -  fiald  iaolata 

Montana  -  fiald  iaolata 
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2.  Tisalina  for  culturing  and  harvasting  toxic  cyanobactaria . 

a.  Tiaalina  involvad  in  growing  batch  culturas  of  £isl-agUA3 
KRC  525-1?  in  200-1 itar  tuba. 


About 

15  daya 

1) 

Growing  25  al  Da long  flasks 

About 

15  days 

2) 

Growing  1-L  Da long  flasks 

About 

30  days 

3) 

Crowing  4-L  Da long  flasks 

About 

45  days 

4) 

Growing  12-L  bottlas 

About 

2  hrs/3  wks 

5) 

Clashing,  stariliating  two  200-L  tubs 

About 

3  hrs/3  wks 

«) 

riltar-starilixing  watar  for  tub 
culturas 

About 

2  hrs/3  wks 

7) 

Pr sparing  sadia  for  tha  tubs 

Tan  to  twanty  sin 

*) 

Inoculating  tha  tubs 

About 

21  days 

9) 

Allowing  tha  culturas  to  grow 

About 

4  hours 

10) 

Harvasting  tha  tub  culturas 

About 

44-44  hours 

ID 

Praasa-drying  tha  harvastad  calls 

About 

1  hr/ 3  wks 

12) 

Bottling,  storing,  i  logging  tha 
driad  calls 

-:3- 

b.  Tiaalina  involved  in  growing  sasi-batch  culturas  of  A_».  f  las- 


liUAfi 

NRC-525-17  in 

130- 

litar  cylindars 

About 

1 5  days 

1) 

Growing  25  si  Oalong  flasks 

AbOU* 

15  days 

2) 

Growing  1-L  Dalcng  flasks 

About 

30  days 

3) 

Growing  4-L  Oalong  flasks 

About 

45  days 

4) 

Growing  12-L  bottlas 

About 

2  hrs/2  sos 

5) 

Claaning,  stariliaing  aach  180-L 
cylindsr 

About 

2  hrs/2  sos 

«) 

Jiltar-stariliaing  watar  for  tha 
cylindars 

About 

2  hrs/2  sos 

7) 

Praparing  sadia  for  tha  cylindars 

Tan  to  twanty  sin 

8) 

Inoculating  tha  cylindars 

About 

30  days 

9) 

Allowing  tha  culturas  to  grow 

About 

3  hours 

10) 

Harvosting  24  litars  fros  tha 
cylindars 

About 

44-48  hours 

ID 

Pr aaia-drying  tha  harvastod  calls 

About 

1  hr/ 3  vies 

li> 

Bottling,  storing,  k  logging  tha 

driod  calls 
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c.  Tiiseline  for  growing  aeruginosa  PCC  7820  in  seai-batch  (20- 
liter)  and  batch  (90-liter)  culturaa 


About 

45  days 

1) 

Growing  inoculua  for  20  L  4  90  L 
cultures 

About 

2-3  hrs/v< 

■ssel 

2) 

Sterilizing  &  settling  up  the 
culture  vessels 

About 

6  hrs/wk 

3) 

Preparing  asdia  for  the  20  L  flasks 

About 

7  days 

4) 

Allowing  20  L  cultures  to  grow 

About 

4-5  wks 

5) 

Allowing  90  L  cylinder  to  grow 

About 

3  hrs/vk 

«) 

Collscting  •  L  froa  each  flask 

AJtxrit 

3  hrs/4-5 

wks 

7) 

Harvesting  1  90  L  froa  90  L  cylinder 

About 

2  hrs/wk 

8) 

Replacing  asdia  in  flasks 

Paw  ainutas 

9) 

Replacing  asdia  in  the  cylinder 

About 

4  hrs/wk 

10) 

Concentrating  the  cells  froa  the 

flasks 

About 

2  hrs/4-5 

wks 

ID 

Concentrating  the  cells  fora  the 
cylinders 

About 

44-48  hrs 

12) 

Preese-drying  the  harvested  cells 

About 

1  hr/wk 

13) 

Bottling,  storing,  and  logging  the 
dried  cells 

i.  Tmeline  (or  growing  se*i-batch  culture*  o(  JJj.  .ler-jur.ssa  M-2 
in  20-liter  flasks  and  in  130-liter  cylimltrs 

—  vary  siailar  to  that  of  525-17-b-l-e  in  130-liter  cyiirde 
and  of  7820  in  20-liter  flasks 

#.  Tiaeline  for  growing  batch  cultures  of  L-575  and  NH-5-a 


About 

IS  days 

1) 

Growing  25  aL  D«long  flasks 

About 

15  days 

2) 

Growing  1-L  Delong  flasks 

About 

30  days 

3) 

Growing  4-L  bottles 

About 

45  days 

«) 

Growing  12-L  bottlas 

About 

2  hours 

5) 

Harvesting  total  voluae  of  bottles 

About 

44-48  hours 

6) 

Freeze-drying  thw  harvested  cells 

About 

1  hr/1  wk 

7) 

Bottling,  storing,  L  logging  the 
dried  L-575  cells 

About 

1  hr/ 2 -3  wks 

8) 

Bottling,  storing,  6  loggina  the 
dried  NH-5-a  cells 

f.  Tiaeline  for  growing  seei-batch  cultures  of  lu.  f los-aauae 
strains  44-i-s  and  IG-20  in  20-liter  flask* 

—  vary  siailar  to  that  of  7820  in  20-litsr  flasks  with 
harvest  occurring  every  two  w««ks. 
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3.  Recloning  of  An.  f los-aauae  NRc-44-1  —  Producer  of  Anatoxin  A. 

Single  filament  isolates  from  A j.  f xos-aouae  strain  44-1-s  were  done 
when  it  was  found  that  the  LD-g  had  risen  greater  than  250  and  in 
some  case  was  non-toxic.  Isolates  (usually  varying  in  ability  to 
produce  toxin)  were  made  in  two  »^ys: 

1)  Isolates  were,  made  by  pipetting  a  few  filaments  from  the 
culture  onto  a  clean  microscope  slide.  A  drop  of  sterile 
media  was  added  to  the  colonies;  gentle  blowing  on  the  drop 
through  a  Pasteur  pipet  dispersed  the  colonies.  A  desired 
filament  was  located  in  the  drop  using  an  inverted  compound 
microscope.  The  filament  was  then  drawn  into  a  Pasteur 
pipet  by  capillary  action  (the  pipet  tip  was  tapered  on  a 
flame  to  allow  more  accuracy  in  selecting  a  single 
filament) .  The  single  filament  was  transferred  to  a  second 
drop  of  sterile  media,  gentle  blowing  was  used  to  separate 
it  from  any  other  filaments  or  debris,  and  the  filament  was 
again  transferred  to  another  drop  of  sterile  media.  This 
was  done  two-four  times.  The  selected  filament  was  finally 
transferred  to  a  culture  tube  containing  1-2  mL  of  sterile 
media.  Each  isolate  was  coded  with  the  original  culture 
name  (i.e.  44-1-s)  and  a  number  designating  its  position  in 
the  total  number  of  isolates  made.  Surviving  isolates  are 
currently  being  cultured  and  tested  for  toxicity. 

2)  Isolates  were  made  by  pipetting  one  drop  of  culture  onto 
sterile  agar  in  a  petri-dish  (ASM-1) ,  which  was  then  spread 
out  across  the  surface  of  the  agar.  When  the 
cyanobacterial  cultures  appeared  on  the  agar,  each 
individual  colony  was  transferred  to  a  culture  tube 
containing  1-2  mL  of  sterile  media.  Each  isolate  was  coded 
as  in  procedure  II.  Surviving  isolates  are  currently  being 
cultured  and  tested  for  toxicity. 

4.  Isolation  and  Purification  of  Peptide  Hepatotoxins 

During  the  time  period  of  this  report  593  mg  of  microcystin-LR 
(cyanoginosin-LR)  and  38  mg  of  Nodularia  toxin  (Nodularin)  were 
supplied  to  USAMRIID  (Table  6) .  the  microcystin-LR  samples 
included  518.3  mg  isolated  from  bloom  samples  of  aeruginosa 
strain  PCC  7820.  Nodularin  toxin  was  isolated  from  laboratory 
cultures  of  fL.  aBlffiigeDfl  strain  L575. 

Consistent  toxicities  are  now  being  observed  with  cultures  of  M. 
aeruginosa  strain  PCC  7820.  It  has  been  noted  in  last  year's 
report  that  there  had  been  a  partial  loss  in  the  toxicity  per  gram 
of  cultured  cells.  The  isolation  of  pure  hepatotoxin  from  cultures 
of  Ik  aeruginosa  7820  has  been  hampered  by  the  presence  of  a 
contaminating  pigment  in  the  isolated  toxin  fraction.  In  previous 
isolations  of  this  toxin  pigment  contamination  was  removed  during 
HPLC  chromatography.  However,  in  current  isolation  procedures  the 
contaminating  pigment  co-elutes  with  the  toxin  during  TPLC 
chromatography.  Neither  a  linear  gradient  of  CH,CN  in  10  mM 
NH4CH3COO  (0  to  50%  over  a  60  miii  period  in  a  Waters  Delta  Pup 
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ravarsad  phasa  CIS  column)  or  an  iaocratic  run  of  tha  %  CH^CN  in 
watar  succaadad  in  ramoving  tha  pigmant  from  tha  toxic  fraction. 
Futura  attampta  to  saparata  tha  pigmant  will  includa  tha 
prafarantial  alution  of  tha  toxin,  or  tha  pigmant,  from  Bond  Eluta 
silica  cartridgas  with  incraasing  concant rat ions  of  CH^OH  m  CH^Cl. 
Ra-chromatography  of  tha  toxic  fraction  by  gal  filtration  on 
Saphadax  G-25  will  also  ba  chackad  as  a  mathod  to  ramova  tha 
pigmant  from  tha  toxin. 


jn  yaar *  s  raport  it  was  notad  that  tha  purifiad  toxin  from  tlx 

jiTualnosa  strain  7820  consistantly  showad  an  asymmatrical  paak  on 
ravarsad  phasa  HPLC.  In  addition  amino  acid  analysis  of  tha  toxin 
showad  two  paaks  raprasanting  both  aspartic  acid  and  0-mathyl 
aspartic  acid.  Tha  saparation  of  tha  sida  paak  was  improvad  by 
both  incraasad  salt  concantration  and  a  dacraasa  in  pH  of  tha 
aquaous  solvant  systam.  Whan  a  mobila  phasa  of  CH,0H  50  mM 
phosphata  buffar  (pH  3.3,  6:4),  dascribad  by  Haradi  at  a*.  (1988  , 
was  amployad  two  distinct  paaks  wars  obsarvad  (Fig.  4).  It  should 
now  ba  possibla  to  datarmina  if  tha  sida  paaJc  raprasants  tha 
damathylatad  toxin.  Tha  purification  schama  for  tha  isolation  of 
tha  hapatotoxin  from  1L.  ipualfltna  i«  prasantad  in  Fig.  5. 
Praparativa  sea la  isolation  and  shipmant  of  this  toxin  -o  USAHRIID 


will  ba  continuad. 
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Table  6.  Cyclic  Heptapeptide  Microcyst in-LR  and 
Pentapeptide  Nodular ia  Supplied  to  USAMRIID 
( 1C/87  -  10/88) 


Oats _ 

Anount  faa) 

Source 

12/2/87 

159.9 

Monroe  and  Akersvatn  water  bloom 
lyoph:'lized  cells 

3/15/88 

75.2 

Strain  PCC  7820 

5/26/88 

250.0 

Monroe  water  bloom 

8/1/88 

18.1 

tL.  spumiaena  L575 

9/2/88 

19.6 

N.  spumiaena  L575 

10/24/88 


108.4 


Monroe  water  bloom 


Figure  4.  HPLC  profile  cf  HCYST-L*  from  H*  aeruginosa  PCC-7820 
shoving  aide  peak  (left  of  large  peak).  This  side 
peak  is  thought  to  be  a  deseethyl — KCYST-LR  or  a 
conformational  isoeer  (perhaps  in  the  ADDA  portion 


I 
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Figure  5.  Purification  Scheme  for  ILt.  spumiaena  Toxin  [Nodularin] 

Extract  lyophilized  cells  with  50%  aqueous  CH5OH  stir  16  hrs  at 

room  temperature 

1 
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1 
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i 
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until  eluant  is  non-toxic 


Wash  Bond  Elute  cartridges  with  H,0  and  elute  toxin  with  60% 

aqueous  CH,OH 

i 

Air  dry  to  remove  CH3OH 
l 

HPLC  Linear  gradient  0-30%  CH3CN  in  10  mM  NH4CH3COO.  60  min 
gradient  on  Waters  Delta-Prep.  C-18  column 

i 

Air  dry  to  remove  CH3CN 
i 

HPLC  -  isocratic  -  26%  CH3CN  in  10  mM  NH4CH3COO 

Air  dry  to  remove  CH3CN 
i 

Desalt  with  C-18  Bond  Elute  cartridges 

l 

Lyophilize  eluted  toxin 
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Cooperative  studies  with  the  Department  of  Microbiology,  University 
of  Helsinki,  Finland  have  bean  undertaken.  The  focus  of  these 
studies  it  the  purification  and  identification  of  the  toxins 
present  in  toxic  blue-green  algae  blooms  froa  the  Baltic  Sea.  The 
predominant  species  associated  with  these  blooms  has  been 
identified  as  a  Nodularis  species  (Edler  at  al.  1985).  Aaino  acid 
analysis  of  the  toxin  isolated  froa  these  blooms  indicated  the 
presence  of  three  amino  acids;  glutamate,  5-methyl  aspartate  and 
arginine.  These  results  are  consistent  with  the  previous 
identification  of  a  toxic  pentapwptida  found  in  apuaicena 
(Carmichael  at.  al.  1988  and  Eriksson  at  al.  1988).  In  addition  to 
the  studies  on  the  Modularia  toxin,  work  on  the  ourification  and 
identification  of  the  toxins  found  in  an  isolate  of  a  filamentous 
toxic  Nostoc  froa  Finnish  freshwaters  also  initiated.  Preliminary 
data  indicates  the  possible  presence  of  six  different  toxins  in 
this  blue-greon  algae  culture. 

Amino  acid  analysis  and  FAB-MS  indicate  that  these  hepatotoxins  may 
be  microcystin-RR,  desaethyl-RR,  di-desmethy 1  RR,  LR,  desmethyl  LR, 
and  LP.  Additional  analysis  of  these  isolated  toxins  are  in 
progress.  The  isolation  and  purification  of  the  toxic  peptides 
froa  an  isolate  of  IJj.  aeruginosa  strain  M-228  has  also  been 
initiated  during  this  report  period.  This  strain  produces  both  the 
LR  and  YR  cyclic  peptides. 

The  LDy,  of  this  strain  in  culture  ranges  from  50  to  loo  mg/ kg 
(i.p.)  in  male  mice.  A  flaw  chart  for  the  extraction  and 
purification  of  LR  and  YR  froa  M-228  is  presented  in  Fig.  6.  An 
HPLC  profile  of  the  purified  toxins  is  shown  in  Fig.  7. 
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Figure  6.  Purification  Scheme  for  MU. 


strain  M228  Toxins 


Extract  15  gins  lyophilized  cells  with  1.5  liters  of  5%  butanol: 
20%  methanol:  /-.%  water  for  5  hrs  at  room  temperature 

; 

Centrifuge  25,000  xg  for  50  min  at  4*C 

i 

Re-extract  pellet  two  more  times 

t 

Combine  supernatants  and  air  dry 

i 

Extract  residue  with  cold  methanol 
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Remove  polysaccharide  by  centrifugation 

i 

Air  dry  supernatant  and  dissolve  in  water 

i 

Remove  particulate  material  by  filtration  through  Whatman  *1 

filter  paper 
i 

Pass  filtrate  through  Bond  Elute  C-18  Cartridges 

i 

Wash  C-18  Cartridge  with  water  and  20%  methanol  and  elute  toxins 

with  100%  methanol 


Air  dry  eluant  and  dissolve  residue  in  methanol  containing 

50  mM  acetic  acid 
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Chromatograph  methanol/acetic  acid  solution  in  TSK  gel , 

Toyopearl  HW  4 OF 
i 

Collect  fraction  eluting  at  44  to  68%  of  column  bed  volume 

i 

HPLC  chromatography  of  Toyo  Pearl  fraction  on  a  preparative 
reversed  phase  C18  column  using  a  mobile  phase  of  methanol/ 
KH2P04  (pH  3.3,  58:42)  (4) 

J 

Collect  LR  and  YR  toxins  and  desalt  on  Bond  Elute  C-18  cartridges 
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*  1  i  '  vr>l<«  T-»-;t  irq  \r.a  *1  j tram 
«  •  :  hr  •  :•> rv  i r.  ,  :n  :f  i  » .  i  ir  J  ;ui‘.un 

h.'.i  -.arcl*  Mitiri  and  il  Mi  I’-.nm  .  *.o  1  it  .  m  . 

•>  It.  orv  r  • i  v  r>J  i ~a  mg  sarnies  if  r  o  -  « r  T  :  i .  .  •  i  .  :  ;  » 

g  tr;  :ui  sources,  i  .ou  i  u  J  i  r.q  pub.»c  *r  sv- :  -’ms ,  ;  .  s _ 

>  t .  :i  vomcies,  .ir  1  other  an.v«n ity- assoc i  -at  cd  »rd  m  ;  -  o r,  : <•> r. t 
mti'3.  .h  me  of  these  field  collections  were  wmlcs  of  a  l  :  x . 

-on.s.  wi:n  i  "imh  der.3ity  of  oicsass  and  cm  iis  sur,c«ctrl  of  ram: 
fjx:  rsruc:  ot.^.ar  field  collection*  vara  ie3S  cor.c*ntnted  sample- 3 
;f  vifi’r  from  various  survey  points  to  acr.itor  the  presence  of 
potentially  toxic  ii  m«. 

'net?  col  looted,  the  samples  were  3«nt  via  overnight  delivery  to  * r.  < 

1  moratory.  >»hen  ncssiole,  samples  war*  collected  using  i  itiniir: 

a  km  prepared  by  this  laboratory  and  sailed  nrmr  to 
collection  to  the  corresponding  agency.  Thesa  kits  included  the 
following:  1)  two  500  aL  plastic  screw-cap  bottles  to  collect 
i  iequata  oar.pl a  for  lycohi  1  ization  and  toxicity  testing.  2)  two  LI 
~L  -.crew-cap  cultura  tubas  with  10  aL  3G- 1 1  culture  aadiua  to 
ennar.ee  survival  of  algae  present;  3)  two  25  aL  screw-cap  culture 
tubes  with  10  aL  of  Lugoi's  preservative  to  preserve  samples  for 
microscopic  exaaination  and  identification  in  the  event  the  living 
-atanai  is  altered;  4)  two  eapty  25  aL  screw-cap  culture  tubes  to 
rollect  sample  far  3train  isolation;  ana  5)  Blue  Ice  to  <eeo  the 
iv-pie  cool  during  return  3hip»ent. 

Vpcn  recoipt,  these  kits  were  isasediately  processed.  The  contents 
cf  all  containers  were  aicroscopically  examined  to  ccnfira  the 
initial  report  and  to  note  the  differences,  if  any,  among  the 
living,  preserved  and  med ia-enriched  samples.  The  large  livmcj 
samples  were  iycphiiized  and  the  aedia-onr iched  tubes  were  placed 
in  in  incubator.  The  saall  living  saaplas  were  refrigerated  until 
‘he  algal  strain  isolations  were  performed,  within  72  hours.  The 
preserved  samples  were  microscopical  ly  examined  for  identification 
of  the  genera,  and  if  possible,  the  species  present. 

Isolation  of  the  likely  toxigenic  algal  strains  in  the  sarnies  was 
initiated  once  the  toxicity  of  the  parent  material  was  confirmed  o^ 
use  intraperitonea  1  oioassay.  These  isolations  were  performed 
liming  two  methods,  core  isolates  and  drop  isolates.  Isolation 
cores  involved  the  following  steps:  1)  dilution  of  the  field 
mole,  usually  1:10  or  1:100;  2)  inoculation  of  1.51  soft  agar 
ate3  (anted  with  3F-J1,  AGM-l  or  2-3  nutrient  aedia  before 
olinq)  with  0.5  aL  of  sample  dilution;  3)  sealing  of  plates  and 
oraqe  ir.  an  incubator  for  24-72  hours;  4)  identification  and 
marking  of  individual  filaments  or  colonies  on  the  plates  by  use  o ! 
an  inverted  aicrcsccpe;  5)  isolation  of  the  core  of  soft  agar 
containing  the  colony  or  filament  by  suction-drawing  into  a  fm.a- 
tipced  sterile  pipette;  and  6)  inoculation  of  the  core  into  a  small 
culture  tube  with  2  aL  of  3teriia  3F-11,  .V3M-1  or  3-3  media  'see 
Table  5)  . 
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Isolation  by  drops  involvod  the  following  steps:  1)  pipetting  of  a 
drop  of  diluts  ssspls  onto  a  storils  sicroscops  slid*;  2)  placing 
of  two  sspsrats  nonconflusnt  drops  of  stsrils  asdia  upon  the  saas 
slids;  3)  drawing  up  of  a  singls  colony  or  filament  fros  tha 
dilution  saspls  into  a  f lame- tapered  'ins  tippsd  pi petto;  4) 
inoculation  of  tha  colony  or  filament  into  a  drop  of  sadia;  5) 
succassivs  transfar  of  tha  sinqls  filassnt  or  colony  to  tha  third 
drop  of  sadia;  and  6)  inoculation  of  tha  singls  filassnt  or  colony 
fros  tha  third  drop  into  a  ssall  cultura  tuba  with  2  sL  of  aithar 
BP-11,  ASM-1  or  Z-8  sadia. 

Ones  tha  singls  filassnt  or  colony  tubas  wars  inoculatad  by  aithar 
cors  or  drop  isolation,  thsy  wars  placsd  in  an  incubator  undar  40- 
60  u  sol  photons  a  *s‘  at  24  *C.  Tha  tubas  wars  examined  at  ragular 
intsrvals  for  sacroscopic  avidanca  of  growth,  which  if  avidancad, 
was  followad  by  sicroscopic  examination,  to  confirs  that  tha  alga 
growing  was  tha  isolats  of  intsrsst  and  not  a  contaminant .  If  tha 
strain  was  growing  frss  of  contamination,  it  was  givan  a  nasa  basad 
upon  this  laboratory's  nossnclaturs  and  than  succassivs ly  cultursd. 
Ones  a  sufficiant  quantity  of  calls  is  obtainad,  lyophilixatlon  of 
tha  calls  was  parforsad  so  that  a  sousa  bioassay  could  confirm  tha 
toxicity  or  nontoxicity  of  tha  iaolatad  strain. 

Laboratory  nomanclaturs  of  a  strain  involved  tha  assigning  of  a  two 
or  thraa  lattar  designation  utilizing  all  uppar  casa  lattars.  Tha 
first  ona  or  two  lattars  Indies tad  tha  U.S.  stata  or  Canadian 
provinca  (i.a.  1  for  Illinois,  fiC  for  British  Columbia)  and  tha 
succassiva  lattar  Indies tad  tha  body  of  watar,  or  tha  city  naarsst 
that  body  of  watar  fros  which  tha  bloom  notarial  was  coll act ad 
(i.a.  ii  for  Honor  Lake,  Q  for  Charlia  Lake) .  Than,  as  aach 
unialgal  isolats  was  confirmad,  that  isolats  was  givan  a 
domination  incorporating  tha  lattar  dasignation  fros  tha  parant 
strain  followad  by  a  hyphan  and  a  nunarical  suffix.  Thus,  a 
hypothatical  fourth  unialgal  isolats  fros  Charlia  Laka,  British 
Columbia  would  ba  dasignatad  BCC-4 .  If  fiald  collsction  has  a 
pravious  strain  apithst,  that  prsvioum  dasignation  was  usad. 

Table  7  summarizes  tha  fiald  sampla  data  for  tha  sight  samplas 
racaivad:  collaction  source,  strain  designation,  data  of 
collection,  reason  for  collaction,  LD-50  toxicity  by  mouse 
bioassay,  genera  described  by  microscopic  examination,  number  of 
core  isolates  and  number  of  drop  isolates. 

b.  Maintenance  and  preservation  of  fiald  and  cultura  strains  of 
cyanobacteria . 

A  total  of  68  strains  of  cyanobacteria  wars  maintained  throughout 
tha  year  by  transfer  of  the  unialgal  cultura  into  fresh  madia  at 
four  weak  intervals.  These  cultures  wars  maintained  in  duplicate 
ir^  25  mL  scrsw-cap  culture  tubas  incubated  at  40  7  mol  photons  m  2 
s  and  24 *C.  Tha  strains  include  various  toxic  and  non-toxic 
representatives  of  the  following  genera:  Anabaana  (35  strains), 
tlkssagyptll  (12),  AnacyitiJ  (3),  PlttUdinafratn*  (5),  Achanizomanon 
(3),  LyngfeYtt  ( 3 ) ,  QlCiLUtgCia  (3),  Calotturi*  (U,  Plactonama  (1), 
Schizothrlx  (l)  and  Svnachocvstis  (1).  Each  strain  was  maintained 
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in  the  medium  or  aedia  aaong  BG-11,  ASM-1  or  Z-8  in  which  growth 
was  optiaal . 

Upon  set-up  of  the  liquid  nitrogen  cryogenic  storage  unit,  the 
process  of  freezing  all  of  the  68  above  strain®  and  new  strains  as 
they  are  isolated  was  initiated.  As  of  31  October  1988,  57  of  the 
68  strains,  plus  three  strains  froa  an  earlier  freeze  study  were 
stored  in  the  unit  at  a  maximum  of  -123*C  (-120  K) .  These  60 
strains  were  prepared  for  cryogenic  storage  April  through  August 
1988  by  the  following  procedure:  1)  centrifugation  of  the  sample 
of  log-phase  culture  for  1-2  minutes  until  pellet  formation;  2) 
removal  of  pellet  by  pipette;  3)  addition  of  equal  amount  of 
sterile  Bf-11  media  to  pellet;  4)  drawing  up  of  10  uL  aliquots  of 
pellet-medium  mixture  by  micropipette;  5)  freezing  of  10  uL  aliquot 
by  placing  in  a  sterile  beaker  of  liquid  nitrogen;  6)  transfer  of 
frozen  pellets  by  sterile  tweezer  into  cryogenic  storage  vial;  and 
7)  placement  of  vial  in  cryogenic  storage  unit. 

Throughout  the  year,  slants,  agar  blocks  or  tubes  of  various 
cultures  were  received.  A  sample  of  the  laboratory  strain 
Microcystis  aeruginosa  UV-027  (an  Isralie  strain  producing  MCYST- 
RR)  has  been  grown  on  agar  and  will  be  added  to  the  list  of  strains 
maintained  and  preserved. 
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6.  Enzyme  Kinetic  Studies  with  the  Anticholinesterase  Toxin 
ANATOXIN-A(S)  from  Anabaena  f los-aouae  NRC-525-17. 

a.  Protect- ion  studies. 

Anticholinesterase  (anti-ChE)  agents  inhibit  acetylcholinesterase 
(EC  3. 1.1.7,  AChE)  in  a  reaction  outlined  in  Scheme  I: 

*1  *2  *3 

EOH  +  IX  r— ^  EOHIX' - s-»EOI - EOH  +  HOI 

k_x  HX  H20 

where  EOH  is  AChE,  IX  is  the  inhibitor  either  a  carbamate  or  an 
organophosphate ,  [EOHIX]  is  a  reversible  complex,  EOI  is  the 
covalently  modified  enzyme,  IOH  and  HX  are  the  hydrolyzed 
inhibitor  and  its  leaving  group,  respectively-  The  rate 
constants,  k^  and  k_1  define  the  affinity  of  the  inhibitor;  k2 
defines  the  rate  at  which  the  inhibitor  binds  and  k3  is  the 
hydrolysis  rate  constant  (Main,  1980) .  In  protection  studies, 
the  aim  is  to:  (1)  halt  the  formation  of  the  enzyme-inhibitor 
complex  and  (2)  by  the  use  of  appropriate  agents,  the 
characteristics  necessary  for  binding  of  inhibitor  may  be 
determined.  In  the  case  of  AChE,  the  active  site  is  composed  of 
two  subsites,  the  anionic  and  the  esteratic  subsite  which  ate 
surrounded  by  regions  of  hydrophobic ity  (Wilson  and  Quan,  1958; 
Rosenberry  et  al.,  1974).  By  the  use  of  substrate  and  site 
specific  reversible  inhibitors  (noncovalent  modifers  of  AChE) , 
the  two  points  above  can  be  determined. 

The  agents  chosen  for  this  study  were  acetylcholine  (ACh) , 
tetramethylammonium  iodide  (TMA,  a  reversible  inhibitor  of  the 
anionic  site)  and  physostigmine  (Phy,  a  reversibie  covalent 
modifier  of  the  esteratic  site) .  AChE  was  incubated  for  two 
minutes  with  increasing  concentrations  of  ANTX-A(S)  alone  or  in 
the  present  of  ACh,  TMA  or  Phy  (Galli  et  al.,  1985).  Percent 
inhibition  vs  ANTX-A(S)  concentration  curves  were  constructed 
after  the  incubation  period  except  for  Phy  which  was  extensively 
dialyzed  against  100  mM  sodium  phosphate  buffer  (pH  8)  to  remove 
the  carbamate  group  from  the  esteratic  site.  Enzyme  activity  was 
monitored  by  the  Ellman  assay  (Ellman  et  al.,  1961)  and  all 
experiments  were  done  in  triplicate.  Diisopropyl fluorophosphate 
(DFP)  was  used  as  the  control  anti-ChE.  Figure  8  to  12  show  the 
results  of  the  ACh,  TMA,  and  Phy  experiments.  They  show  that  all 
compounds  protect  the  enzyme,  with  Phy  being  better  than  TMA  at 
approximately  egual  concentrations.  This  suggests  that  ANTX-A(S) 
has  a  structural  component  that  recognizes  the  domains  of  TMA  and 
Phy  with  the  nucleophilic  attack  directed  at  the  esteratic  site. 

Reactivation. 

When  organophosphates  react  with  AChE,  a  covalent  adduct  is 
created  that  cannot  be  hydrolyzed  by  the  weak  nucleophile,  water. 
Depending  on  the  onzyme  source  (electric  eel,  human  erythrocyte, 
etc.)  and  the  nature  of  the  alkyl  groups  attached  to  the 
phosphorus  atom  (methyl,  ethyl,  isopropyl),  spontaneous 
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raactivation  My  occur  with  tha  raganaration  of  tha  activa  anzyaa 
taking  hours  to  days  (Rainar,  1971).  Wilson  (saa  Main,  1980) 
first  usad  hydroxylaaina  as  a  raactivator  of  diathylphosphoryl - 
AChE  and  found  that  tha  half-lifa  to  full  anzyM  activity  could 
ba  dacraasad  by  a  factor  of  500  by  tha  usa  of  hydroxylaaina. 
Wilson  (1959)  synthasixad  pyridina-2-aldoxisa  sathiodida  (2-r»M) 
basad  on  studias  of  aolacular  coaplisantarity  batwaan  tha  anzyaa, 
substratas  and  inhibitors,  dines  than,  othar  raactivators  hava 
baan  synthasixad  that  vary  in  potancy  but  ara  basad,  to  boss 
axtant,  on  tha  structura  of  2 -PAM  (Main,  1980) .  Mahaood  and 
Carsichaal  (1987)  providad  avidanca  that  AMTX-A(S)  was  an 
anticholinastarasa  and  proposad  that  it  bahavad  in  a  unnar 
analogous  to  organophosphata  inhibition  of  AChE.  Thasa 
axpariMnts  wars  initiatad  to  dataraina  if  tha  adduct  foraad  by 
ANTX-A(S)  could  ba  razwvad  by  tha  nuclaophilic  raactivators  of 
phosphorylatad  AChE.  If  no  rMCtivation  is  saan,  two  conclusions 
can  ba  drawn.  Sosa  organophosphatas  undargo  daalkylatior.  of  ona 
of  tha  two  alkyl  groups  attachad  to  tha  phosphorus  in  a  raaction 
tarsad  againg  (Main,  1980) .  Whan  an  organophosphata  agas  it  is 
highly  rasistant  to  rMCtivation,  aithar  spontanaous  or  inducad. 
Tha  othar  possibility  is  that  tha  agant  is  not  acting  at  tha 
astaratic  sita  and  tharafora  tha  rMCtivator  is  usalass.  This 
conclusion  can  ba  validatad  by  tha  protaction  studias  outlinad 
abova.  In  this  study,  paraoxon  (an  Msily  raactivatibla 
organophosphata,  DPP  (agas  at  a  slow  rata)  and  AMTX-A(S)  wara 
usad  to  inhibit  alactric  aal  AChE  to  approxiMtaly  95%.  Tha  tast 
raactivators  wara  2 -PAM  and  TMB4  at  aithar  1  uM  or  1  aM  final 
concantration.  AChE  was  incubatad  with  aithar  paraoxon,  DFP  or 
ANTX-A(S)  for  four  ainutas  and  than  aithar  2 -PAM  or  TMB4  was 
addad  and  aliquots  rasovad  ovar  tiM  for  24  hours  (Xanlay  at  al., 
1981,  1984).  Tha  raaults  of  this  study  (Pig.  13  to  16)  indicata 
that  AMTX-A(S)  is  rasistant  to  raactivation  as  cosparad  to  aithar 
paraoxon  or  DPP  although  with  1  aM  TWB4 ,  thara  was  a  significant 
aaount  of  ' spontanaous '  raactivation  saan  with  AMTX-A(S)  that  did 
not  procaad  farthar  than  this  initial  aaount. 

In  Vivo  Protaction. 

Onca  an  aniMl  has  baan  poisonad  with  an  anti-ChE,  tha  objact  is 
to  raliava  tha  syaptoas  produced  by  a**cassiva  cholinargic 
stiaulation  and  to  raactivata  tha  in~..jitad  anzyM.  Many  authors 
hava  shown  tha  afficacy  of  tha  oxiaa  raactivators  and  tha  usa  of 
carbaMta  pratrutaant  to  aithar  allaviata  or  subdua  tha  sysptoM 
of  cholinastarasa  poisoning  (Aibuguarqua  at  al.,  1985;  Dayi  at 
al.,  1981;  Harris  at  al.,  1984;  Koalla,  1948;  Lannox  at  al., 

1985;  Shiloff  and  ClaMnts,  1985).  This  study  looksd  at  tha 
af facts  of  a tropins  sulfata  and  THB4  or  2-PAH  givan  alona  or  in 
coabination  on  tha  lathality  of  49  ug/kg  AMTX-A(S) .  ICR  Swiss 
Mia  aica  (IS  to  20  graM)  wara  givan  fraa  accass  to  food  and 
watar.  Tha  dosa  of  ANTX-A(S)  producad  100%  Mortality.  Tha 
axpariMntal  dosing  consistad  of  injaction  of  ANTX-A(S)  followad 
by  a  salina  blank,  atropina,  2-PAM,  TMB4  or  atropina  and  2 -PAM 
(or  TMB4) .  2-PAM  at  35  sg/kg  and  10  sg/kg  atropina  sulfata 
injactad  just  aftar  AMTX-A(S)  laad  to  60%  Mortality  whareas  2-PAM 
and  atropina  sulfata  givan  30  sinutas  prior  to  ANTX-A(S) 


-46- 


injeetion  lead  to  100%  mortality.  2-PAM  or  TMB4  at  14.3  mg/kg 
and  10  mg  atropina  sulfate  load  to  100%  Mortality.  Physostigmine 
at  0.2  mg/kg  givon  30  minutes  prior  to  ANTX-A (S)  load  to  40% 
Mortality  although  tha  animals  shovad  signs  of  cholinesterase 
poisoning  with  labored  breathing  and  generalized  shaking 
predominating  (Fig.  17). 

b.  Receptor  Effects. 

Anti-ChE  agents  along  with  their  inhibition  of  cholinesterase, 
also  have  direct  effects  on  predominantly  nicotinic  but  also  on 
muscarinic  receptors.  As  a  class,  the  carbamates  have  the 
strongest  interactions  with  the  nicotinic  acetylcholine  receptor- 
ion  channel  complex  and  the  organophosphates  producing  similar 
effects  (Albuquerque  et  al.,  1984;  Fredriksson  and  Tibbling, 

1959;  Pascuzzo  et  al.,  1981;  Yamada  et  al.,  1982).  ?o  probe  the 
nicotinic  effects  of  ANTX-A(S),  the  frog  rectus  abdominus  muscle 
preparation  was  used.  First,  determination  of  lethality  of  ANTX- 
A(S)  in  the  frog  vas  determined.  ANTX-A(S)  vas  administered  by 
stomach  tube,  percutaneous ly,  and  by  injection  into  the  dorsal 
lymph  sac  or  intraperitoneally.  Only  intraperitoneal  injection 
proved  lethal  and  the  LD^q  vas  determined  to  be  281.25  fig/kg  (1 
/iM) .  in  the  isolated  muscle  experiments,  dose-response  curves 
vere  generated  with  ANTX-A  (a  potent  nicotinic  agonist)  before 
and  after  the  muscle  vas  exposed  to  ANTX-A (S)  for  10  minutes. 
ANTX-A(S)  at  concentrations  of  1  and  10  uM  (Fig.  18  and  19)  did 
not  stimulate  the  muscle  to  contract  nor  block  the  ANTX-A  induced 
contraction.  It  is  concluded  that  ANTX-A (S)  devoid  of  nicotinic 
activity. 

To  probe  for  muscarinic  activity,  tvo  experimental  procedures 
were  used.  To  determine  functional  effects,  the  denervated 
guinea  pig  ileum  vas  used  and  rat  forebrain  homogenate  was  used 
to  look  at  receptor  binding  using  the  technique  of  Yamamura  and 
Snyder  (1974).  Segments  of  ileum  vere  denervated  by 
refrigeration  under  a  nitrogen  atmosphere  in  10%  glucose-Tyrode ' s 
solution  for  24  hours.  The  segments  vere  suspended  in  a  20  ml 
organ  bath,  varmed  to  37 *c  and  contraction  height  vs.  bethanechol 
(muscarinic  agonist  that  is  not  hydrolyzed  by  AChE)  concentration 
curves  generated.  After  the  control  curves,  the  ileal  segment 
vas  subjected  to  either  a  ten  minutes  incubation  with  ANTX-A (S) 
folloved  by  repeated  vashings  for  ten  minutes  or  being  exposed  to 
ANTX-A(S)  just  prior  to  being  exposed  to  bethanechol  and  the 
bethanechol  dose-response  curve  repeated.  Figure  20  and  21  shows 
the  dose-dependent  decrease  in  bethanechol  elicited  contractions 
after  treatment  with  ANTX-A (S).  The  results  show  a  functional 
antagonism  of  the  muscarinic  receptor  although  the  mechanism  is 
unknown.  Figure  22  shows  the  effects  of  DFP  on  the  ileum. 
Replotting  the  data  as  the  recipercols  analogous  to  the 
Lineweaver-Burke  transformation  indicates  that  ANTX-A (S)  does  not 
compete  with  bethanechol  at  the  muscarinic  receptor.  Pretreating 
the  Heel  segment  with  atropine  (10“i;lK)  (Fig.  23)  before  exposure 
to  ANTX-A (S)  eliminates  the  ANTX-A(S)  effect.  Pretreating  the 
muscle  first  with  ANTX-A (S)  and  then  atropine  (Fig.  24)  shows  a 
slight  shift  to  the  right  of  the  atropine  curve  suggesting  a 
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synergistic  action,  although  tha  significance  of  tha  rasult  is 
unknown  at  this  tiaa. 

Examining  ANTX-A(S)  affact  at  tha  racaptor  laval  shows  that 
coincubating  ANTX-A(S)  with  QNB  producas  no  changa  in  QNB  binding 
at  tha  muscarinic  racaptor  but  praincubating  ANTX-A(S)  with  tha 
receptors  for  5  minutas  and  than  incubating  with  QNB  shows  an 
ANTX-A(S)  dosa  dapandant  dacraasa  in  QNB  binding.  This  points 
again  to  a  ' non-competitive*  machanism  by  which  ANTX-A(S)  binds 
to  muscarinic  racaptors. 

Fukuda  at  al.  (198S)  hava  shown  that  potassium  channals  arm 
1 ink ad  to  muscarinic  racaptors  and  ara  act i vat ad  upon  agonist 
binding.  In  tha  frog  samitandinosus  muse la  in  a  chlorida  fraa 
solution,  mambrana  potantial  is  ganaratad  by  potassium  channal 
activity.  ANTX-A(S)  axposad  to  tha  muscle  while  racording 
mambrana  potantial  with  an  intracallular  microalactroda  did  not 
changa  tha  mambrana  potantial  or  intar f ara  with  tha  potassium 
channal  as  datarminad  by  subsaquant  dapolarization  of  tha  muscla 
by  barium  ions  (potassium  channal  blockar) . 

pH  Stability  of  ANTX-A(S) . 

In  tha  isolation,  purification  and  analysis  of  ANTX-A(S)  various 
pH  lavals  ara  raachad  and  tha  affact  of  thasa  lavala  is  unknown 
on  tha  inhibition  of  dagradation  of  ANTX-A(S) .  Equal  amounts  of 
ANTX-A(S)  wars  put  into  thraa  tubas  of  100  aH  sodium  phosphata 
buffar:  pH  3,  pH  7  and  pH  12.  Inhibition  was  datarminad  by 
incubating  ANTX-A(S)  and  AChS  for  two  minutas  and  datarmining 
anzyma  activity  with  tha  Bllman  assay.  Parcant  Inhibition 
(datarminad  in  triplicata)  was  datarminad  onca  a  day  for  fiva 
days  and  at  30  days.  At  pH  3,  ANTX-A(S)  is  stabla  throughout  tha 
whola  time  period,  at  pH  7  thara  is  approximately  7%  dacraasa  in 
activity  and  at  pH  12  within  tha  time  frame  of  tha  day-one  assay 
(«30  seconds)  there  is  90  to  95%  dacraasa  in  tha  inhibition  as 
compared  to  pH  3.  This  laval  remained  constant  throughout  tha 
experiment  (Fig.  25) . 

c.  Sicjzary. 

ANTX-A(S)  is  an  active  site  directed  anticholinesterase  that  is 
resistant  to  in  vivo  and  in  vitro  reactivation.  ANTX-A(S)  has  no 
activity  at  nicotinic  racaptors  and  appears  to  be  a  non¬ 
competitive  ant^onist  of  muscarinic  racaptors. 
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7.  Studies  on  Toxin  Production  in  cyanobacteria 
a.  Background  Information: 

Microcystis  ftirwinoM,  a  planktonic  blue-green  alga 
(cyanobacterium)  has  been  reported  toxic  to  mammals  in  many 
countries.  Differences  occur  in  the  reported  composition  of  the 
toxin,  but  in  each  case,  the  pathological  symptoms  have  been  the 
same  (i.e.  enlarged  livers  and  short  survival  times) . 

The  genetics  of  toxin  production  in  Microcystis  and  other 
cyanobacterial  strains  have  so  far  received  little  attention. 

From  the  toxic  Microcystis  aeruginosa  colonial  isolate  NRC-1, 
Gorham  (1964)  isolated  both  toxic  and  nontoxic  clones  which 
indicated  the  genetic  heterogeneity  of  toxin  production.  Vance 
(1977)  suggested  that  toxin  produced  in  Microcystis  aeruginosa 
strain  NRC-1  may  be  the  result  of  lysogenic  conversion  of  toxin 
strains.  In  in*ba«n«  flos-aouae  NRC-44-1,  the  toxicity  was  not 
lost  after  treatment  with  acridine  orange,  hence  it  was  concluded 
that  its  toxicity  was  not  controlled  by  extrachromosoma 1  elements 
(Kumar  and  Gorham,  1975).  However  Hauman  (1981)  applied  several 
compounds,  which  eliminate  plasmids  from  other  prokaryotes  or 
select  for  plasmid  free  cells,  to  a  South  African  strain  of  ft. 
aeruginosa  (MR70) ,  with  a  consequent  decrease  in  toxicity.  These 
findings  implicated  plasmids  in  toxin  formation  by  strain  WR70, 
although  plasmid  visualization  in  extracts  of  this  strain  was  not 
reported.  Vakeria  et  al.  (1985)  reported  on  toxicity  of  strain 
PCC-7820  cured  from  its  plasmids,  but  again  the  absence  of 
plasmids  had  not  been  vigorously  demonstrated.  Plasmids  may 
still  be  present  in  very  low  copy  numbers.  Furthermore  it  is 
possible  that  the  plasmids  become  integrated  into  the  chromosomal 
DNA  (Daniell  et  al.  1986).  Schwabe  et  al.  (1988)  reported  the 
detection  of  plasmids  in  several  toxic  strains  of  Microcystis 
atcuoinfiftA*  Two  strains  of  y.  aeruginosa  (HUB-5-2-4,  HUB-063) 
harbored  plasmids  of  2.9  kb  and  16  kb  plasmids.  One  of  the  toxic 
strains  SAG  14.85  (NRC-1)  did  not  contain  any  plasmid.  In 
contrast  to  this  Vakeria  et  al.  (1985)  reported  the  presence  of 
3-4  plasmids  in  H.  fttlUglnOIB  PCC-7820. 

In  order  to  understand  toxin  production,  both  quantitatively 
and  qualitatively  it  is  necessary  to  study  the  presence  and 
possible  role  of  plasmids  in  H*  aeruginosa.  The  cultures  grow 
slowly  in  the  presence  of  plasmid  curing  agents,  indicating  the 
adverse  effects  of  these  chemical  agents  on  algal  cells. 

Moreover  the  plasmids  integrate  into  chromosomal  DNA  through 
homologous  recombination  (Wilson  and  Morgan,  1985;  Daniell  et 
al.,  1986).  Exchange  of  genes  between  plasmid  and  host 
chromosome  during  transformation  has  also  been  well  documented 
(Lopez  et  al.,  1982).  In  studies  conducted  using  plasmid  curing 
experiments  (Vakeria  et  al.,  1985;  Hauman,  1981;  Kumar  and 
Gorham,  1975) ,  the  plasmid  may  be  integrated  into  chromosomal  DNA 
and  still  the  toxic  polypeptide  may  be  expressed.  So  further 
experiments  are  needed  to  confirm  the  role  of  plasmids  in  toxin 
production  in  H.  aeruginosa  which  will  aid  in  studies  on  growth 
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and  toxin  production  aimed  at  stabilizing  production  and  yields 
of  those  secondary  chemicals. 

b.  current  statue  of  the  Project: 

Plasmid  Isolation 

The  hepatotoxin  producing  strains  M-  aeruginosa  PCC-7820,  8* 
aeruginosa  M228,  Nodularia  L-575  and  Anabaena  flos-aquae  S-23-g- 
1-c  are  being  used  to  isolate  plasmids.  The  plasmids  from  the 
above  strains  were  isolated  using  the  method  of  Lambert  and  Carr 
(1982)  with  modifications  as  follows.  Twenty-five  mis  of  culture 
(2-5  x  10®  cells/ml)  was  centrifuged  at  10,000  rpm  for  10  min. 

The  pellet  was  suspended  in  SE  buffer  (0.12  M  NaCl  and  0.05  M 
EDTA,  pH  8.0)  for  30  sin.  The  cells  were  centrifuged  and  washed 
in  20  ml  of  lysis  buffer  (25  mM  Tris,  pH  8.0,  10  mM  EDTA  and  50 
mM  glucose).  The  final  pellet  was  resuspended  in  2.0  ml  lysis 
buffer.  Two  ml  of  lysozyme  solution  (50  mg/sl)  was  added  to  this 
mixture  and  incubated  at  37  *c  for  one  hour.  Later  2.0  ml  of  10% 
sodium  laurel  sarcosine  was  added  and  incubated  at  50 *c  for  1  h. 
Six  ml  of  5  M  NaCl  was  added  and  kept  on  ice  for  2-3  hrs.  The 
whole  homogenate  was  centrifuged,  at  17,000  x  g  at  4*C  for  20 
min.,  to  remove  chromosomal  DNA  and  cell  debris.  The  clear 
lysate  was  phenol  extracted  three  times,  chloroform  extracted 
twice  and  the  DNA  was  ethanol  precipitated.  The  next  day  DNA  was 
pelleted  after  centrifugation  at  12,000  x  g  for  20  min.,  washed 
once  with  70%  ethanol  and  the  pellet  was  air-dried  and  then 
resuspended  in  minimal  volume  of  TE  (10  mM  Tns,  l  mM  EDTA,  pH 
8.0)  buffer. 

Qsl -Electrophoresis  and  Visualization  of  DNA: 

Plasmids  were  separated  using  horizontal  1%  agarose  gel 
electrophoresis,  followed  by  straining  with  ethidium  bromide,  {j. 
aeruginosa  PCC-7820  had  2  plasmids  of  sizes  3  and  16  kb.  whereas 
M-  aeruginosa  M228  had  2  plasmids  of  sizes  2.9  ad  8.0  kb.  These 
results  are  consistent  with  the  results  of  Schwabe  et  al.  (1988) 
who  found  the  same  set  of  plasmids  in  PCC-7820  and  PCC  7813  (2.6 
and  16  kb)  and  HUB-5-2 -4  and  HUB-063  (2.9  and  8.5  kb).  However, 
as  yet,  in  Eaflularia  and  Anabaena.  we  can  not  detect  the  presence 
of  any  plasmids. 

In  the  above  experiments,  the  cells  form  the  stationary  phase 
cultures  were  used  for  plasmid  isolation.  However  these 
experiments  will  be  repeated  using  log  phase  cultures,  since 
these  cultures  tend  to  give  higher  copy  numbers  and  better 
plasmid  yields. 

C.  Future  Work: 

Birification  of -Plasmids  from  agarose  gel  electrophoresis 

The  plasmids  from  Microcystis  aeruginosa  PCC-7820,  and  M2 2 8 
will  be  separated  on  0.8%  agarose  gel  electrophoresis.  The 
agarose  gel  piece  containing  the  plasmid  is  excised  and  placed  in 
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a  dialysis  bag  with  buffer.  Electrophoresis  causes  DNA  to 
migrate  out  of  the  gel  into  the  dialysis  bag  buffer.  The 
fragment  is  recovered  in  this  buffer  and  purified  from 
contaminating  material  using  SS-phenol/chloroform  extraction. 

in  vitro  replication  of  plasmids: 

This  experiment  will  be  done  to  check  whether  the  plasmids 
isolated  from  H*  aeruginosa  PCC782Q  and  M228  will  replicate 
autonomously  in  another  cyanobacterial  strain  Svnechocvstis .  The 
experiment  will  be  done  following  the  method  of  Li  and  Kelly  (1984) . 

The  standard  replication  reaction  mixture  contains  the 
following  in  0.1  ml:  30  mM  Hepes  (pH  7.5),  7  mM  MgCl-,  0.5  mM 
DTT,  100  IM  (a-  P)  dCTP  (specific  activity,  3Q00-fC Cipfc/prool)  , 

100  mM  dATP/dGTP/dTTP,  200  fM  GTP/UTP/CTP,  4  mM  ATP,  40  mM 
phosphocreatine ,  10  ng  of  creatine  phosphokinase ,  250  ng  of 
plasmid  DNA  and  60  nl  of  cyanobacterial  clear  cell  extract. 

Reactions  are  incubated  at  37 *c  for  various  periods  and  then 
stopped  by  adjusting  the  reaction  mixtures  to  15  mM  EDTA,  200  fig 
of  proteinase  K/ml,  and  0.2%  SDS.  After  incubation  for  20-30  min 
at  37 *C,  the  solution  is  extracted  once  with  phenol,  desalted  by 
gel  filtration  on  superfine  Sephadex  G-50  (Pharmacia) ,  and 
extracted  once  with  chloroform,  and  the  DNA  is  precipitated  with 
ethanol.  The  deproteinized  reaction  is  electrophoresed  through 
1.5%  agarose  gels  and  then  autoradiographed .  The  autoradiogram 
will  give  the  information  on  the  topological  isomores  of  the 
plasmid  templates. 

Transformation  of  Svnechocvstis  with  Plasmid  DNA  isolated 
from  Microcystis  aeruginosa  PCC-782Q  and  M.  aeruginosa  M228. 

Transformation  of  Svnechocvstis  cells  with  plasmid  DNA  will 
be  done  following  the  method  of  Daniell  et  al.  (1986).  Cells  or 
permeaplasts  prepared  by  2-hr  treatment  with  lysozyme/EDTA  are 
immediately  used  for  transformation.  To  1.0  ml  of  permeaplasts 
or  cells,  1  jig  of  donor  plasmid  DNA  (in  10  mM  Tris/1  mM  EDTA,  pH 
8.0  at  25 *C)  is  added,  and  the  suspension  is  incubated  for 
different  durations  in  sterile  culture  tubes  on  an  illuminated 
<  -rizontal  test  tube  shaker  at  32 *C.  Samples  will  be  plated  in 
triplicate  with  a  series  of  2-fold  serial  dilutions  to  quantify 
transformants . 

The  transformed  Svnechocvstis  cells  will  contain  plasmids 
from  H.  aeruginosa .  The  plasmids  will  be  isolated  from  these 
strains  and  separated  using  1%  agarose  gel  electrophoresis.  The 
plasmid  profiles  will  be  studied  to  see  whether  the  transformed 
Svnechocvstis  cells  harbor  M-  aeruginosa  plasmids. 

Test  for  toxicity: 

Svnechocvstis ,  both  untransformed  and  transformed  cells  will 
be  used  for  mouse  bio-assay.  If  the  plasmids  code  for  the 
synthesis  of  hepatotoxin,  the  transformed  Svnechocvstis  cells 
will  be  toxic  to  mice. 


8 


*69- 


3.  REFERENCES 

Adalsan,  N.J.,  Jr.,  J.P.  Fohlsaistar,  J.J.  Sasnar,  Jr.  and  M. 

IXiva  (1932).  Sodi.ua  channals  blockad  by  aphantoxin  obtainad 
fro*  tha  blua-graan  alga,  ABfaiailflman  Ilfll-ftgUAf •  Toxlccn. 
Ifi,  513-516. 

Albuquarqua,  E. .  A.  Akaiko,  K.-P.  Shaw  and  0.  Rickatt  (1984). 

Tha  intaraction  of  anticholinaataraaa  aqanta  with  tha 
acaytlcholina  racaptor-ion  channal  coaplax.  Fund.  Anol. 
XSXlCfil*.*  4,  *27-933. 

Albuquarqua,  E.,  3.  Daapanda,  N.  Kavabuchl,  Y.  Aracava,  M. 

Idriss,  0.  R i cleat t  and  A.  Boyna  (1985).  Multipla  action*  of 
ant i chol inastaraaa  aqant*  on  chamosana i 1 1  va  synapsas: 

Molecular  baa is  for  prophylaxis  and  treatment  of 
organophosphata  poisoning,  rund.  Acnl.  Toxicol..  5,  S132- 
S203. 

Aronsta*,  R.S.  and  B.  Mitkop  (1981).  Anatoxin-a  intaractions 
with  cholinargic  synaptic  aolaculas.  Proc.  Natl.  Acad.  Sci. 
USA  24.  4639-4643. 

Auna,  T.  and  K.  Barg  (1986).  Us*  of  f rashly  praparad  rat 
hapatocytas  to  study  toxicity  of  blooas  of  tha  blua-graan 
alga*  Microcystis  fttriMlfiOlB  and  Osclllatorl*  agardhii.  JL. 
Toxicol.  Environ.  Health.  12,  323-336. 

Barchi,  J.J.,  Jr.,  R.S.  Moor*  and  G.M.L.  Pattarson  (1984). 
Acutiphycin  and  20, 21-0idehydroacutiphycin,  naw  antineo- 
plastic  agants  fro*  tha  cyanophyta  Qicillataria  acutissiaa. 

J.  AM.  Qlt>.  SQC..  144.  8193-8197. 

Barchi,  J.J.,  Jr.,  T.R.  Norton,  E.  Fursuawa,  G.M.L.  Pattarson  and 
R.E.  Moor*  (1983).  Idantif ication  of  a  cytotoxin  fro* 
TPlYPgttirlX  faYlialdil  M  tubarcidin.  Phvtochamlstrv. 
2851-2852. 

Bat  as,  H.A.  and  H.  Rape  port  (1979).  Synthssis  of  anatoxin-a  via 
intra-*olacular  cyclixation  of  isiniu*  salts.  J.  A*.  Chas. 
Soc. .  101.  1259-1265. 

Barg,  K. ,  W.U.  Carmichael,  O.M.  Skulberg,  C.  Banastad  and  B. 
Undardal  (1987).  Invastigation  of  a  toxic  watarbloo*  of 
Hlcrpcyatia  aixuaulncaa  (cyanophycaa*)  in  Laka  Akarsvatn, 
Norway.  Hydrobiolocia.  lii,  97-103. 

Barg,  K. ,  J.  Wyman ,  W.W.  Carsichaal  and  A.S.  Dabholkar  (1988). 
Isolatad  rat  livar  parfusion  studios  with  cyclic  haptapaptida 
toxins  of  Higsasyatil  and  Qscillatoria  (freshwatar 
cyanobactaria) .  Toxlcon.  26.  827-837. 

Bishop,  C.T. ,  E.F.L.J.  Anat  and  P.R.  Gorhaa  (1959).  Isolation 
and  idantification  of  tha  fast-death  factor  in  Microcystis 
a&Dlglnai*  NRC-l.  Can.  J.  Biochaa.  Phvsiol . .  21.  453-471. 
Botss,  O.P.  (1986).  Cyanoainos ins- isolation  and  struct ur* .  In 
P.S.  Stayn  and  R.  Vlaggaar  (ads.),  Mvcotoxins  and  Phveotoxins. 
aigas&iYB  JlPl  tPUltl .  vol.  l.  El  savior,  Aastardaa.  pp.  161- 
167. 

Botos,  O.P.,  H.  Vessels,  H.  Krugar,  M.T.C.  Runnogar,  S. 

Santikara,  R.J.  Ssith,  J.C.J.  Bams  and  O.H.  Williaas  (1985). 
Structural  studios  on  cyanoginosins-LR,  -YR,  -YA,  and  -YN, 
paptida  toxins  fro*  MlgrayaUl  aaruoinosa .  J.  Che*.  Soc. 
Perkin.  Trans..  1,  2747-2748. 


Botes,  D.P.,  H.  Kruger  and  C.C.  Viljoen  (1982a).  Isolation  and 
characterization  of  four  toxins  froa  the  blue-green  alga, 
MisrOfiVltl*  aeruainosa.  Toxicon.  945-954. 

Botes,  D.P. ,  C.C.  Viljoen,  H.  Kruger,  P.L.  Wessels  and  D.H. 

Williams  (1982b) .  Configuration  assignments  of  the  amino  acid 
residues  and  the  present  of  N-aethyldehydroalanine  in  toxins 
froa  the  blue-green  alga  Microcystis  aeruginosa.  J,  Cheat. 

See.  Parkin.  Tnm.*  1*  2747-2748. 

Brooks,  W.P.  and  6. A.  Codd  (1987).  Distribution  of  Microcystis 
aeruainosa  peptide  toxin  and  interactions  with  hepatic 
aicrosoaes  in  aice.  Phare.  Tax..  ££,  187-191. 

Caapbell,  H.F.,  O.E.  Edwards,  J.tf.  Eldor  and  R.J.  Kolt  (1979). 
Total  synthesis  of  DL-anatoxin-a  and  DL-isoanatoxin-a .  Pol. 

J,  Sham*.,  51,  27-37. 

Caapbell,  H.F.,  O.E.  Edwards  and  R.  Kolt  (1977).  Synthesis  of 
noranatoxin-A  and  anatoxin-A.  can,  j.  chea. .  55.  1372-1379. 

Caraichael,  W.W.,  V.  Beasley,  M-J.  Yu,  D.L.  Bunner,  T. 
Krishnaaurthy,  J.N.  Eloff,  R.E.  Moore,  I.  Falconer,  K. 
Rinehart,  P.R.  Gorham,  M.  Runnegar,  K-I.  Harada,  O.M.  Skulberg 
and  M.  Watanabe  (1988).  Naming  of  cyclic  heptapeptide  toxins 
of  cyanobacteria  (blue-green  algae).  Toxicon.  26.  971-973. 

Caraichael,  W.W. ,  J.T.  Eschedor,  G.M.L.  Patterson  and  R.E.  Moore 
(1988).  Toxicity  and  partial  structure  for  a  hepatotoxic 
peptide  produced  by  Nodularis  epueigerm  Martens  emend,  strain 
L575  (cyanobacteria)  froa  New  Zealand.  Add.  Envir.  Micro.. 

Si,  2257-2263. 

Caraichael,  W.W.  (1988).  Toxins  of  Freshwater  Algae.  In  A.T.  Tu 
(Ed.),  Handbook  of  Natural  Toxins.  Vol.  3,  Marine  Toxins  and 
Venoms.  Marcel  Dekkar,  New  York.  pp.  121-147. 

Caraichael,  W.W.  (1986).  Algal  Toxins.  In  E.  A.  Callow  (Ed.), 
Advaness  in  Botsnl«»l  Pssynmh  Vol.  12.  Acadeaic  Press, 
London,  pp.  47-101. 

Caraichael,  W.W. ,  c.L.A.  Jones,  N.A.  Mahaood  and  w.w.  Theiss 
(1985).  Algal  toxins  and  water-based  diseases.  In  C.P. 

Straub  (Ed.),  Critical  Reviews  in  Environmental  Control.  Vol. 
15(3).  CRC  Press,  Boca  Raton,  Florida,  pp.  275-313. 

Caraichael,  W.W.  (1982).  Chemical  and  toxicological  studies  of 
the  toxic  freshwater  cyanobacteria  Microcystis  aeruainosa , 
Anabflina  Usazaaaat  and  Anhanizoaenon  flos-aouae.  S.  Afr.  J. 
Sci. .  IS,  367-372. 

Caraichael,  w.w.  (1981).  The  Water  Environment:  Algal  Toxins 
and  Health.  Environ.  Sci.  Res..  Volume  20.  Plenum  Press,  New 
York.  p.  491. 

Carmichael,  W.W. ,  D.F.  Biggs  and  M.A.  Peterson  (1979). 
Pharaacology  of  anatoxin-a,  produced  by  the  freshwater 
cyanophyte  Anafeaaoa  flos-aouae  NRC-44-1.  Toxicon.  12,  229- 
236. 

Carmichael,  W.W.  and  D.F.  Biggs  (1978).  Muscle  sensitivity 

differences  in  two  avian  species  to  anatoxin-a  produced  by  the 
freshwater  cyanophyte  ADafraana  flos-aouae  NRC-44-1.  Can.  J. 
Zool. .  55,  510-512. 

Carmichael,  W.W.  and  P.R.  Gorham  (1977).  Factors  influencing  the 
toxicity  and  animal  susceptibility  of  Anabaena  flos-aouae 
(cyanophyta)  blooms.  J.  Phvcol..  12,  97-101. 


Carmichael,  W.W.,  P.R.  Gorham  and  D.F.  Biggs  (1977).  Tvo 

laboratory  case  studies  on  the  oral  toxicity  to  calvas  of  the 
freshwater  cy anophyte  (blue -green  alga)  Anabaena  floa-aauaa. 
NFC-44- 1.  Can,  Ml  11.  71-75. 

Codd,  G. A.  and  S.C.  Ball  (1985).  Eutrophication  and  toxic 
cyanobacteria  in  frashwatar.  Water  Pollution  Control.  M- 
225-232. 

Dabholkar,  A.S.  and  N.N.  Carmichael  (1987).  Ultrastructural 
changes  in  the  souse  liver  induced  by  hapatotoxin  fros  the 
freshwater  cyanobactariua  BlfiraCYlfcil  AtTUgiOPga  strain  7820. 
Toxicon.  21,  285-292. 

Danhaiser,  R. L. ,  J.M.  Morin,  Jr.  and  E.J.  Salaski  (1985). 

Efficient  total  synthesis  of  (±) -anatoxin  a.  J.  As.  Chea. 

Soc. .  107.  8066-8073. 

Daniell,  H. ,  G.  Sarojini  and  B.A.  HcFadden  (1986). 

Transformation  of  the  cyanobacterium  Anacvstls  nldulans  6301 
with  the  Escherichia  coll  plasmid  pBR322.  Proc.  Natl.  Acad. 
Scl . .  12.  2546-2550. 

Devlin,  J.P. ,  O.E.  Edwards,  P.R.  Gorham,  M.R.  Hunter,  P.K.  Pike 
and  B.  Stavric  (1977).  Ana  toxin- a,  a  toxic  alkaloid  fros 
Anabaens  floa-aquaa  NRC-44h.  Can.  J.  Cham..  25,  1367-1371. 

Deyi,  X.,  W.  Linxiu  and  P.  Shuqui  (1981).  The  inhibition  and 
protection  of  cholinesteraes  by  physostigmine  and 
pyridostigmine  against  soman  poisoning  ia  vivo.  Fund.  AppI. 
TQXlCfll* ,  1.  217-221. 

Edler,  L. ,  S.  Femo,  M.G.  Lind,  R.  Lundberg  and  P.0.  Nilsson 
(1985).  Mortality  of  dogs  associated  with  a  bloat  of  the 
cyanobacterium  Nodularis  antm loans  in  the  Baltic  Sea. 

QPhtlli.  21,  103-109. 

Elleman,  T.C. ,  I.R.  Falconer,  A.R.B.  Jackson  and  M.T.  Runnegar 
(1978).  Isolation,  characterization  and  pathology  of  the 
toxin  from  a  Hlcrocyitli  asruglnoM  <-  Anacvatia  cvaaaa 

bloom).  Aust.  J.  Biol.  Sci..  H,  209-218. 

Ellman,  G. ,  K.  Courtney,  V.  Andres  and  R.  Fcatherstone  (1961).  A 
new  and  rapid  colorimetric  determination  acetylcholinesterase 
activity.  Biocfaia* ,  FharRacol. ,  Z,  88-95. 

Eriksson,  J.E.,  J.A.O.  Meriluoto,  H.P.  Kujari,  K.  Osterlund,  K. 
Fagerlund  and  L.  Hallbom  (1988).  Preliminary  characterization 
of  a  toxin  isolated  from  the  cyanobacterium  Nodularis 
spumlaena .  ItfXiCQn,  21,  161-165. 

Eriksson,  J.E.,  J.A.O.  Meriluoto,  H.P.  Kujari  and  O.M.  Skulberg 
(1987a).  A  comparison  of  toxins  isolated  from  the 
cyanobacteria  Oscillatorla  aaardhii  and  Microcystis 
aeruginosa.  Comp.  Biochem.  Phvsiol..  &2£,  207-210. 

Eriksson,  J.,  H.  Hagers tr  and  B.  Isomaa  (1987b).  Cell  selective 
cytotoxicity  of  a  peptide  toxin  fros  cyanobacterium.  Biochem. 
Biophvsc.  Acta.  221,  304-310. 

Falconer,  I.R.  and  M.T.C.  Runnegar  (1987).  Effects  of  the 
peptide  toxin  from  Microcystis  aeruginosa  on  intracellular 
calcium,  pH  and  membrane  integrity  in  mammalian  cells.  Chen. 

,  12,  215-225. 


Falconer,  I.R. ,  T.  Buckley  and  M.T.C.  Runnegar  (1986). 

Biological  half-life,  organ  distribution  and  excretion  of  125X 
labeled  toxic  peptide  from  the  blue-green  alga  Microcystis 
atragincaa •  Aust.  j.  Biol,  sci..  22,  17-21. 


-72- 


Foxall,  T.L.  and  J.J.  Sasner,  Jr.  (1981) .  Effects  of  a  hepatic 
toxin  from  the  cyanophyte  Kicrocvstis  aeruginosa .  In  w.w. 

Carmichael  (Ed.),  The  Water  Environment: _ Algal  Toxins  and 

Health.  Plenum  Press,  New  York.  pp.  365-387. 

Francis,  G.  (1878).  Poisonous  Australian  lake.  Nature  ( Lend . ) 
ifl,  11-12. 

Fredriksson,  T.  and  G.  Tibbling  (1959) .  Demonstration  of  direct 
cholinersic  reactor  effects  of  methyl fluorophosphosnylcholines, 
Bloch—.  Pharmacol .  .  2,  286-289. 

Fukuda,  K. ,  H.  Higashida,  T.  Kubo,  A.  Maeda,  I.  Akiba,  H.  Bujo,  M. 
Mishina  and  S.  Numa.  Selective  coupling  with  k  currents  of 
muscarinic  acetylcholine  receptor  subtypes  in  NG108-15  cells. 
Nature.  335.  355-358. 

Galli,  A.,  P.  Aiello,  G.  Renzi  and  A.  Bartolini  (1985).  In  vitro 
and  in  vivo  protection  of  acetylcholinesterase  by  eseroline 
against  inactivation  by  diisopropylgouorophosphate  and 
carbamates.  J.  Pharm.  k  Pharmacol..  21,  42-48. 

Gleason,  F.K.  and  J.L.  Paulson  (1984).  Site  of  action  of  the 
natural  algicide,  cyanobacterin,  in  the  blue-green  alga, 
SvnachQCQSfiUf  *P*  Arch.  Microbiol. .  123.,  273-277. 

Gorham,  P.R.  (1964).  Toxic  algae.  In  D.F.  Jackson  (Ed.),  Alaae 
and  Man.  Plenum  Press,  New  York.  PP*  307—336. 

Gorham,  P.R.  and  W.W.  Carmichael  (1988) .  Hazards  of  freshwater 
blue-greens  (cyanobacteria).  In  C.A.  Lemhi  and  J.R.  Waaland 
(eds.),  »nd  w«tmi»n  A**n\r*  ch.  16.  Cambridge  University 

Press,  pp.  403-431. 

Harada,  K.I.,  K.  Matsuura,  M.  Suzuki,  H.  Oka,  M.F.  Watanabe,  S. 
Oishi,  A.  Dahlem,  V.R.  Beasley  and  W.W.  Carmichael  (1988). 
Analysis  and  purification  of  toxic  peptides  from  cyanobacteria 
by  reverse  phase  HPLC.  J.  chroMt. .  44.  275-283. 

Harris,  L. ,  W.  Lennox,  B.  Talbot,  D.  Anderson  and  D.  Swanson 
(1984).  Toxicity  of  anticholinesterases:  Interactions  of 
pyridostigmine  and  physostigmine  with  soman.  Drug  Chem. 

TOXiCOl.t ,  2,  507-526. 

Hauman,  J.H.  (1981).  Is  a  plasmid(s)  involved  in  the  toxicity  of 
MiCEPCYStlg  aeruginosa?  In  W.W.  Carmichael  (Ed.),  The  Water 
Environment.  Plenum  Press,  New  York.  pp.  97-102. 

Huber,  C.S.  (1972) .  The  crystal  structure  and  absolute 

configuration  of  2,9-diacetyl-9-azabicyclo(4,2, l)non-2, 3-ene. 
Acta  Crystal logranh. .  fiZl,  2577-2582. 

Ikawa,  M.  K.  Wegener,  T.L.  Foxall,  and  J.J.  Sasner,  Jr.  (1982). 
Comparison  of  the  toxins  of  the  blue-green  alga  Aphanizomenon 
IlQS-flguae  with  the  Gonvaulax  toxins.  Toxicon.  IQ.,  747-752. 

Jakim,  E.  and  J.H.  Gentile  (1968) .  Toxins  of  blue-green  alga: 
Similarity  to  saxitoxin.  Science .  162.  915-916. 

Kalbe,  L.  and  D.  Tiess  (1964).  Entenmass  ensterben  durch  Nodularia 
-  wasserblute  am  kleinen  jasmunder  bodden  auf  rugen.  Arch .  Exp . 
ygS.«.  Mgd.,  IS,  535-539. 

Kenley,  R. ,  R.  Howd,  C.  Mosher  and  J.  winter le  (1981). 

Nonquaternary  cholinesterase  reactivators  diallcylaminocellcyl 
thioestics  of  a-retothiohydioxmic  acids  as  reactivators  of 
diisopropyl  Phosphorobluoridale  inhibited  acetylcholinesterase, 
chea, ,  2A,  1124-1133. 


-73- 


Ken  ley,  R. ,  C.  Bedford,  0.  Daily,  R.  Hovd  and  A.  Millar  (1984). 
Reactivator*  a-Heteroaromatic  aldoxieines  and  thiohyoboxisates 
as  reactivators  of  ethyl  sethylphosphory 1-acetylcholinesterase 
in  vitro.  J.  Med.  Ches. .  21,  1201-1211. 

Koelle,  G.  (1946).  Protection  of  cholinesterase  against 

irreversible  inactivation  by  DPP  in  vitro.  J.  Phara.  Expar. 
Therapeut. .  M,  232-237. 

Konst,  H.,  P.D.  McXercher,  P.R.  Gorhaa,  A.  Robertson  and  J.  Howell 
(1965).  Symptoms  and  pathology  produced  by  toxic  Microcystis 
fttr«a  iLQMA  MRC-1  in  laboratory  and  domestic  animals.  Can.  J. 
Comp.  Med.  Vet.  Sci..  22,  221-228. 

Koskinen,  M.P.  and  H.  Rapoport  (1985).  Synthetic  and  conformatimal 
studies  on  anatoxin-a:  A  potent  acetylcholine  agonist.  J.  Med. 
Sh OL.  2ft/  1301-1309. 

Krishnamurthy,  T. ,  M.M.  Carmichael  and  E.M.  Server  (1986a). 

Investigations  of  freshwater  cyanobacteria  (blue-green  algae) 
toxic  peptides.  I.  Isolation,  purification  and 
characterisation  of  peptides  from  Microcystis  aeruginosa  and 
AnafaiRM  flea-aquas .  Toxicon.  21/  865-873. 

Krishnamurthy,  T.,  L.  Ssafraniec,  E.M.  Server,  D.P.  Hunt,  J. 
Shabanowits,  W.W.  Carmichael,  S.  Missler,  0.  Skulberg  and  G. 

Codd  ( 1986b) .  Amino  acid  sequences  of  freshwater  blue-green 
algal  toxic  peptides  by  fast  atom  bombardment  tandem  mass 
spectrometric  technique,  P.  93.  Proc.  Am.  Soc.  Mass 
Spectrometry  (ASMS)  -  34th  Annual  Meeting,  Cincinnati,  Ohio, 

June  9,  1986. 

Kumar,  H.D.  and  P.R.  Gorham  (1975).  Effects  of  aericine  dyes  and 
other  substances  on  growth,  lysis  and  toxicity  of  Anab&ana  flos- 
aouae  HRC-44-1.  BlflCHtm.  f&YBlpl.  PflflJMtn«  ,  112,  473-487. 

Kusumi,  T. ,  T.  Ooi,  M.M.  Hat anabe,  H.  TaJcahagh  and  H.  Kakisawa 

(1987).  Cyanoviridin-RR,  a  toxin  from  the  cyanobacterium  (blue- 
green  alga)  niCEPCVltli  viridls.  Tetrahed.  Letters.  2ft/  4695- 
4698. 

Lambert,  G.R.  and  N.G.  Carr  (1982).  Rapid  small  scale  plasmid 
isolation  by  several  methods  from  filamentous  cyanobacteria. 
A£Sfa^.fliCrpbiQl».  ill,  122-125. 

Lennox,  w.,  L.  Harris,  B.  Talbot  and  D.  Anderson  (1985). 

Relationship  between  reversible  acetylcholinesterase  inhibition 
and  efficacy  against  soman  lethality.  Life  Sci. .  37.  793-798. 

Li,  J.J.  and  T.J.  Kelly  (1984).  Simian  virus  40  DNA  replication  in 

xi&ca-  Ezosll.  tfatli  Acad.  Sci,,  si,  6973-6977. 

Lindgren,  B. ,  P.  Stjemlof  and  L.  Trozen  (1987).  Synthesis  of 

anatoxin-a.  A  constituent  of  blue-green  freshwater  algae.  Acta 
arnica  Scand.,  fill/  180-133. 

Lindstrom,  E.  (1976).  Et  Udbrud  af  algeforgiftning  blandt  hunde. 
Dansk  Vat.  Tidsskr. .  22/  637-641. 

Lopes,  P.,  M.  Espinosa,  D.L.  Stassi,  and  S.A.  Lacks  (1982). 

Facilitation  of  plasmid  transfer  in  StriPtregCCTl  pneumoniae  by 
chromosomal  homology.  J.  Bactenol. .  160.  692-701. 

Mahmood,  N.A. ,  M.M.  Carmichael  and  D.  Pfahler  (1988). 

Anticholinsterase  poisonings  in  dogs  from  a  cyanobacteria  (blue- 
green  algae)  bloom  dominated  by  AnabdfM  flos-aouae.  Am.  J. 

Rta..  1ft,  500-503. 


-74- 


Mahaood,  N.A.  and  W.W.  Caraichaal  (1987).  Anatoxin-a(s)  an 

anticholinesterase  from  tha  cyanobacterium  Anabaena  flos-aouae 
NRC-525-17.  Toxlcon.  15,  1221-1227. 

Mahmood,  N.A.  and  W.W.  Caraichaal  (1986a) .  Tha  pharmacology  of 
anatoxin-a(s) ,  a  naurotoxin  producad  by  tha  freshwater 
cyanobactariua  Anabaana  flos-aguae  NRC  525-1/ . -  Toxicon .  24 . 
425-434. 

Mahmood,  N.A.  and  N.N.  Caraichaal  (1986b) .  Paralytic  shellfish 
poisons  producad  by  tha  freshwater  cyanobactariua  Aphanizomenon 
llfllrftfflftl  NH-5.  Toxicon.  14,  175-186. 

Main,  A.  (1980) .  Cholinesterase  inhibitors.  Zn  E.  Hodgson  and  F. 
Guthrie  (Eds.),  Introduction  to  Biochaaical  Toxicology. 

Elsevier,  New  York,  Chapter  11. 

Main,  D.C.,  P.H.  Barry,  R.L.  Peat  and  J.P.  Robertson  (1977).  Sheep 
mortalities  associated  with  tha  blue-green  algae  Nodularia 
spumiaena .  Aust.  Vat.  J..  51,  578-581. 

Mason,  C.P.,  K.R.  Edwards,  R.E.  Carlson,  J.  Pignatello,  F.R. 

Gleason  and  J.M.  Mood  (1982).  Isolation  of  chlorine-containing 
antibiotic  froa  tha  freshwater  cyanobactariua  Scvtonema 
hofaanni .  Science.  115/  400-402. 

Moore,  R.E. ,  G.M.L.  Patterson,  J.L.  Mynderse  and  J.  Barchi,  Jr. 
(1986).  Toxins  froa  cyanophytes  belonging  to  the 
scytoneaataceae .  Pure  AppI.  Chea. .  51,  263-271. 

Moore,  R.E.  (1984).  Public  health  and  toxins  from  marine  blue- 
green  algae.  In  E.P.  Ragelis  (Ed.),  Seafood  Toxins.  American 
Chemical  Society  Symposium  Series  262,  Washington,  D.c.  pp. 
369-376. 

Murthy,  J.R.  and  J.B.  Capindale  (1970).  A  new  isolation  and 

structure  for  the  endotoxin  froa  Microcystis  aeruginosa  NRC-1. 

San*  Jt  Blashau,  45,  sos-sio. 

Ostensvik,  O. ,  O.H.  Skulberg  and  N.E.  Soli  (1981).  Toxicity 

studies  with  blue-green  algae  from  Norwegian  inland  waters.  In 
w.w.  Carmichael  (Ed.),  The  Water  Environment:  Alaal  Toxins  and 
Health.  Plenum  Press,  New  York.  pp.  315-324. 

Painuly,  P.,  R.  Perez,  T.  Fukai  and  Y.  Shimizu  (1988).  The 
structure  of  a  cyclic  peptide  toxin,  cyanogenosin-RR  from 
Microcystis  Mruqinora .  Tetrahed,  Letters.  15,  11—14 . 

Pascuzzo,  G.,  A.  Akaike,  M.  Maleque,  K.-P.  Shaw,  R.  Aronstam,  D. 
Rickett  and  E.  albuquerque  (1984) .  The  nature  of  the 
interactions  of  pyridostigmine  with  the  nicotinic  acetylcholine 
receptor  ionic  channel  complex.  1.  Agonist,  Desensitizers  and 
Binding  Properties.  Molec.  Pharmacol..  15,  92-104. 

Persson,  P.E.,  K.  Sivonen,  J.  Keto,  K.  Kononen,  M.  Niemi  and  H. 
viljaaaa  (1984).  Potentially  toxic  blue-green  algae 
(cyanobacteria)  in  Finnish  natural  waters.  Aaua  Fenn. .  14 .  147- 
154. 

Peterson,  J.S.,  S.  Toteberg-Kaulen  and  H.  Rapoport  (1984). 
synthesis  of  (±)-W-Aza[x.y.l]  biocycloalkanes  by  an 
intramolecular  Mannich  reaction.  J.  Orq.  Chea. .  45,  2948-2953. 

Rabin,  P.  and  A.  Darbre  (1975).  An  improved  extraction  procedure 
for  the  endotoxin  fora  MicrcCYStiS  aeruginosa  NRC-l.  Biochem. 
Soc.  Trans. .  1,  428-430. 

Reiner,  E.  (1971).  Spontaneous  reactivation  of  phosphorylated  and 
carbaaylated  cholinesterases.  Bull.  World  Hlth.  Organization. 

44,  109-112. 


-75- 


M.H.G.  Munro,  J.M.  Blunt,  P.E.  Mulligan,  V.R.  Beasley,  A.M. 

Dahl  am  and  W.W.  Carmichael  (1988).  Nodular in,  microcystin  and 
the  configuration  of  ADDA.  J.  Am.  Cham .  Soc. .  110 .  8857-8858. 

Rosanberry,  T. ,  Y.  Chen  and  E.  Bock  (1974).  Structura  of  tha  II# 
acaty lchol inaataraaa s  subunit  composition.  Biochemistry.  H, 
3068-3078. 

Runnagar,  M.T.C.,  A.R.B.  Jackaon  and  I.R.  Palconar  (1988a). 

Toxicity  to  mica  and  ahaap  of  a  blooa  of  tha  cyanobactariua 
(blua-graan  algaa)  Anahaana  circinalia.  Toxic on.  2$,  599-602. 

Runnagar,  M.T.C.,  A.R.B.  Jackaon  and  I.R.  Palconar  (1988b). 

Toxicity  of  tha  cyanobactariua  Modular ia  spumlaana.  Martens. 

TO kiCQfl»  26*  143-151. 

Runnagar,  M.T.C. ,  J.  Andrews,  R.G.  Gardaa  and  I.R.  Palconar 

(1987).  Injury  to  hapatocytaa  inducad  by  a  paptida  toxin  froa 
tha  cyanobactariua  HlCgaSYl&i*  aaruainoaa.  laxlCflD*  21,  1235- 
1239. 

Runnagar,  M.T.C. ,  I.R.  Palconar,  T.  Buck lay  and  A.R.B.  Jackaon 

(1986a).  Lathai  potancy  and  tiaaua  diatribution  of  125I-labeled 
toxic  paptidaa  froa  tha  blua-graan  alga  Mlcrocvatla  aaruainoaa . 
Toxicon.  11,  506-509. 

Runnagar,  M.T.C.  and  I.R.  Palconax  (1986b).  Effact  of  toxin  froa 
tha  cyanobactariua  Microcystis  aaruainoaa  on  ultra-atructural 
aorphology  and  act in  polymerization  in  iaolatad  hapatocytaa. 
IflAlCQO*  21#  105-115. 

Runnagar,  M.T.C.  and  I.R.  Palconar  (1981).  Iaolation, 

charactarization  and  pathology  of  tha  toxin  froa  tha  blua-graan 
alga  Mlcrocvatla  aaruainoaa.  In  W.W.  Caraichaal  (Ed.),  Tha 

WftttT  Environment; _ Algal  20*101  and  Health-  Planua  Praaa,  Naw 

York.  pp.  325-342. 

Santikarn,  S.,  D.H.  Killians,  R.J.  Smith,  S.J.  Hammond  and  H.  Botes 
(1983).  A  partial  structure  for  tha  toxin  BE-4  from  tha  blua- 
graan  algaa.  HlcgPCYetil  aaruainoaa.  J.  Chan.  Soc.  Chan. 

Cn—im ,  .  12.  652-654. 

Sasnar,  J.J.,  Jr.,  M.  Ikava  and  T.L.  Poxall  (1984).  Studies  on 
Aphanlzonanon  and  Microcystis  toxins.  In  E.P.  Ragalis  (Ed.), 
Seafood  Toxins.  American  Chemical  Society  Symposium  Series  262, 
Washington,  D.C.  pp.  391-406. 

Savyer,  P.J.,  J.H.  Gentile  and  J.J.  Sasnar,  Jr.  (1968). 

Demonstration  of  a  toxin  froa  Aphanlzonanon  flos-aouaa  (L.) 
Ralfs.  Can.  J.  Microbiol..  H,  1199-1204. 

Schiloff,  J.  and  J.  Clements  (1985).  Pyridostigmine  pretraataent 
on  tha  toxicity  of  soman.  Can.  J.  Phvaiol.  Pharmacol..  §±, 
1047-1049. 

Schwaba,  W. ,  A.  Haiha,  T.  Bo  river,  M.  Hanning  and  J.  Kohl  (1988). 
Plasmids  in  toxic  and  nontoxic  strains  of  tha  cyanobacterium 
ttlCCBCYltll  aaruainoaa.  Current  Microbiol..  12,  133-137. 

Schwimmer,  M.  and  D.  Schwimmar  (1968).  Medical  aspects  of 
phycology.  In  D.P.  Jackson  (Ed.),  Alaae.  Man  and  tha 
Environment.  Syracuse  University  Press,  Syracuse,  New  York, 
pp.  279-358. 

Shimizu,  Y.,  M.  Norte,  A.  Hori,  A.  Genenah  and  H.  Kobayushi 

(1984).  Biosynthesis  of  saxitoxin  analogues:  Tha  unexpected 
pathway.  J.  Am.  Chem.  Soc..  12$,  6433-6434. 


-76- 


SXulberg,  O.M.,  G.A.  Codd  and  W.W.  Carmichael  (1984).  Toxic  blue- 
graan  algal  blooms  in  Europa:  A  growing  problaa.  Ambio .  12, 
244-247. 

SpivaX,  C.E.  J.  Waters,  B.  WitXop  and  E.X.  Albuquarque  (1983). 
Potancias  and  channal  propartias  inducad  by  saairigid  agonists 
at  frog  nicotinic  acatylcholina  racaptors.  Mol .  Pharmacol . .  23 . 
337-343. 

SpivaX,  C.E. ,  B.  WitXop  and  E.X.  Albuquarqua  (1980).  Anatoxin-a,  a 
noval,  potant  agonist  at  tha  nicotinic  racaptor.  Mol. 

PfaMnMCQl.  >  13.,  384-394. 

Thaiss,  N.C.,  W.W.  Caraichaal,  J.  Wyman  and  R.  Bruner  (1988). 

Blood  prassura  and  hapatocallular  af facts  of  tha  cyclic 
haptapaptida  toxin  producad  by  Microcystis  aeruginosa  strain 
pcc-7820 .  uaacfln,  26,  603-613. 

Tufariallo,  J.J.,  H.  MecXler  and  K.P.A.  Sanaratna  (1985).  The  use 
of  nitrones  in  tha  synthesis  of  anatoxin-a,  vary  fast  death 
factor.  XltEUMKlrpn,  41.  3447-3453. 

Tufariallo,  J.J.,  R.  MacXlar  and  K.P.A.  Sanaratna  (1984). 

Synthesis  of  anatoxin-a:  Vary  fast  death  factor.  J.  Am.  Chem. 
Soc. ,  106.  7979-7980. 

VaXaria,  D. ,  G.A.  Codd,  S.G.  Ball,  K. A.  Beattie  and  J.M.  Priestly 
(1985).  Toxocity  and  extrachromosoaal  DMA  in  strains  of  the 
cyanobacterium  HlcrOCVltii  aeruginosa .  fEMS  MlSEflhlfili.  Lettt , 
23.,  69-72. 

Vance,  B.D.  (1977).  Prophage  induction  in  toxic  Microcystis 
aeruginosa  NRC-l.  J.  Phvcol..  H,  (Suppl.),  70. 

Wilson,  I.  and  C.  Quan  (1958).  Acetylcholinesterase  studies  on 
molecular  coapleaentariness .  Archive!  BlashMU  Bjgphyg  t ,  Z2, 
131-143. 

Wilson,  I.  (1959).  Molecular  complementarity  and  antidotes  for 
alXylphosphate  poisonings.  Fad.  Proc. .  18.  752-758. 

Wiseman,  J.R.  and  S.Y.  Lea  (1986).  Synthesis  of  anatoxin-a.  J. 
Pro.  Cham..  51,  2485-2487. 

Yamada,  S.,  M.  KatsuoXa,  H.  OXudaira  and  E.  Hayashi  (1982).  A 
pharmacological  comparison  of  organophosphorus  and  carbamate 
anti-chol inesterase  agents  on  guinaa  pig  ileum.  Toxicol .  Appl . 
Pharmacol . .  64.  79-87. 

Yamura,  H.  and  S.  Snyder  (1974).  Muscarinic  cholinergic  receptor 
binding  in  tha  longitudinal  muscle  of  the  guinaa  pig  ileum  with 
[  H)  quinuclidinyl  banzilate.  Molac.  Pharmacol.,  ifi,  861-867. 


-77- 


C.  SUMMARY 

loxic  waterb looms  of  freshwater  cyanobactaria  ara  unpredictable 
and  intaraittant  in  occurrence.  Thay  ara  most  of  tan  found  in 
temperate  latitudaa  and  occur  in  shallow  inland  rasarvoirs,  lakes, 
ponds,  rivars,  and  sloughs.  Casas  of  blue-green  algaa  toxicosis 
hava  baan  verified  in  avary  continant  axcapt  Antarctica.  Thay  are 
particularly  abundant  and  increasingly  recognized  in  the  inland 
water  bodies  of  Cantral/Sastam  Europe,  Western  Asia  (Ukraine) , 
Southeast  Asia/India/ Japan,  Southern  Africa,  South  America  and 
North  America.  An  increasing  nuaber  of  these  cases  involve  human 
contact  with  toxic  blue-green  algae,  although  at  this  time  no 
confirmed  deaths  due  to  the  toxins  hava  baan  reported.  Toxin 
groups  include  alkaloids,  peptides  and  contact  poisons.  The 
alkaloids  currently  include  anatoxin-a  (a  depolarizing  neuro- 
auscular  blocking  agent),  anatoxin-a(s)  (an  irreversible 
anticholinesterase) ,  and  aphantoxin-I  and  II  (equivalent  to 
neosaxitoxin  and  saxitoxin,  the  major  paralytic  shellfish  toxins) . 
Peptide  toxins  ara  a  family  of  cyclic  hapta-  and  pen ta peptides  with 
similar  activity.  Thay  primarily  act  as  hepatotoxins,  causing 
hapatocyte  disaggregation  and  death  by  hemorrhagic  shevk.  The 
contact  toxins  ara  at  present  poorly  understood  but  cm  *ent 
information  suggests  they  are  not  related  to  the  other  blue-green 
toxins.  All  of  these  toxins  represent  potential  threat  agents 
because  they  are:  1)  water  soluble  and  orally  toxic;  2)  accumulate 
in  high  concentrations  (algal  blooms)  asking  them  relatively  easy 
to  collect  and  process  into  highly  concentrated  crude  toxin 
preparations. 

This  report  represents  work  supported  by  USAMRDC  during  the 
period  November  1,  1987  to  October  31,  1988.  The  contract 
continues  to  contribute  directly  to  the  establishment  of  a  culture 
facility  which  is  supplying  research  level  quantities  of  known 
freshwater  blue-green  toxins.  Cyclic  peptide  toxins  are  being  used 
for  basic  investigations  leading  *.o  an  understanding  of  structure, 
function,  and  detection  methods  for  these  toxins.  This  contract 
supports  the  culture  facility  (which  is  in  turn,  providing  material 
for  the  inhouse  projects  at  USAMRIID)  and  allows  further  work  on 
other  freshwater  blue-green  algal  toxins. 
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E.  APPENDICES 


Appendix  I 


^Studies  on  Anatoxin-A(s)  from 
Anabaena  flos -aquae  NRC-525-17-b-l-e: 
Optimized  Extraction/Purification  Scheme 


Patti  M.  Thom 
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i.  overview 

The  major  focus  of  this  research  was  to:  (l)  improve  the 
extraction  of  anatoxin-a(s)  from  lyophilized  Anabaena  flos-aouae 
cells;  (2)  improve  the  subsequent  purification  scheme,  and  finally; 
(3)  develop  an  alternative  to  the  mouse  bioassay  for  qualitative 
detection  of  anatoxin-a (s) . 

Enhanced  extraction  required  the  introduction  of  a 
water/ chloroform  and  water/butanol  partition  scheme  to  facilitate 
pigment  removal  prior  to  toxin  application  on  ODS  (C-18)  cartridges 
(method  2) .  Additionally,  bulk  ODS  packed  to  a  10  ml  capacity, 
allowed  larger  applications  of  crude  toxin  extract.  Enhanced  toxin 


'supported  in  part  by  subcontract  to  W.  Carmichael  from 
Univ.  of  Illinois  contract  DAMD-17-85-C-5241.  This  contract 
ended  on  August  31,  1988. 


recovery  during  purification  was  accomplished  by  the  addition  of  a 
trituration  sequence  with  acidified  methanol  and  subsequently  with 
acidified  ethanol  (method  2).  This  sequence  effectively  removed 
toxin  from  a  methanol- insoluble  precipitate  which  forms  following 
drying  of  the  eluted  toxin  from  ODS  (C-18)  cartridges.  TSK  gel 
Toyopearl  (with  0.05  N  AcOH/MeOH)  provides  an  efficient  separation 
method  of  the  toxic  portion  from  the  crude  extract  prior  to  final 
purification  by  HPLC. 

In  order  to  avoid  the  addition  of  basic  salts  during  HPLC 
purification  and  concomitantly  reduce  deterioration  of  the  alkali- 
sensitive  anatoxin-a(s) ,  both  problems  inherent  to  the  10  mM 
ammonium  acetate  HPLC  scheme  (method  1) ,  a  preferential  HPLC  method 
was  developed.  The  method  employs  a  preparative  CM  column  and 
isocratic  toxin  elution  with  1%  AcOB  mobile  phase. 

For  the  qualitative  detection  of  anatoxin-a(s) ,  a  modified 
acetylcholinesterase  inhibition  assay  was  developed.  This  assay 
provides  an  alternative  to  the  mouse  bioassay.  It  is  a  rapid, 
biochemical  method  for  location  of  the  non-purified  toxic  component 
from  a  crude  extract,  with  a  detection  sensitivity  of  less  than  100 
ng. 

Utilisation  of  the  optimized  extraction/purification  scheme 
described  in  this  report  (method  2)  has  led  to  a  four-fold 
increased  recovery  of  purified  anatoxin-a(s)  over  yields  reported 
using  method  1,  and  a  28-fold  increased  recovery  of  anatoxin-a(s) 
over  yields  reported  in  the  1986-87  annual  report.  Presently,  an 
average  value  of  0.,29  ng  toxin  per  gram  of  lyophilized  cell 
material  is  obtained. 


A.  KOTtACTTOM 

Summaries  of  anatoxin-a(s)  extract ion/purification  schemes  from 
Anabaena  floa-acruae  NBC-523-17  are  outlined  in  Pigs..  1  and  2. 

Method  1  represents  a  variation  of  the  protocol  described  by 
Mahnood  (Annual  Report,  1986-87) .  Toxicity  of  lyophilized  cells  to 
be  extracted  is  5  100  mg/kg.  Tan  grams  of  lyophilized  cells  are 
routinely  extracted  in  25  volumes  of  0.05  N  AcOH/EtOH  (pH  4)  for  3 
hrs  at  room  temperature.  The  primary  extraction  is  followed  by 
centrifugation  at  10,000  rpm  for  50  min  at  4*C.  Extraction  of  the 
resultant  pellet  is  repeated  until  toxicity  is  not  detected  using 
the  mouse  bioassay.  Resultant  supernatants  are  combined,  air-dried 
and  then  reconstituted  in  30  ml  of  acidified  water  (pH  4) . 
Centrifugation  at  5000  rpm  for  15  min  removes  cellular  debris  prior 
to  ODS  (C-18)  bold  eluting.  The  crude  toxin  extract  is  loaded  on 
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ElSDiat  l«  Schematic  of  Method  1  extraction/purification  for 
anatoxin-a (a) . 
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(pH  4) 
l 

Centrifuge  10,000  rpe;  50  ein. ?  4*C 

i 

Test  pellet  for  toxicity 
(■ouse  bioassay) 
i 

Air-dry  supernatants;  reconstitute  in 
30  Bl  acidified  water  (pH  4) 
i 

Centrifuge  5000  rpm;  15  ain. 
i 

Supernatant  applied  to  ODS  cartridge 

1 

Air-dry  aqueous  eluant;  reconstitute  in 
MeOH  (0.05  N  ACOH) 
i 

TSK  gel  Toyopearl  HW40F 
i 

Determine  toxic  fractions 
( souse  bioassay) 
i 

Air-dry  combined  toxic  fractions 

l 

Analytical  HPLC 

(CN  column;  10  mM  ammonium  acetate) 

i 

TLC 

1 

Quantitation 
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Fioura  2 Schaaatic  of  Method  2  optiaizad  extract ion/ pur if ica- 
tion  for  anatoxir.-a(s) . 


Lyophilizad  calls  axtractad  in  25  voluaaa  of  0.05  N  AcOH/EtOH 

(PH  ♦) 

i 

Cantrifuga  10,000  rpa;  50  ain. ;  4*C 

i 

Evaporata  to  drynaas;  28 *C 

i 

Chlorof ora/ Butanol  axtraction 
i 

Evaporata  to  drynaaa;  28 *C 
i 

Trituration  -  twica  in  0.05  N  AcOH/MaOH 
-  onca  in  0.05  N  AcOH/EtOH 
i 

00S  cartridga 

i 

Evaporata  to  drynaaa;  28 *C 
i 

TSK  gal  Toyopaarl  HW40F 
i 

Evaporata  to  drynaaa;  28 *C 
i 

Saai-praparativa  HPLC 
(CN  coluan;  1%  AcOH) 
i 

Quantitation 
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ODS  cartridges  (Baker  SPE  and  Analytichem  Bond  Elut) .  The  sorbent 
is  washed  with  2  il  of  aethanol  and  5  ml  of  water  prior  to  toxin 
extract  loading.  Aqueous  eluant  is  collected,  air-dried  and 
reconstituted  in  3-4  el  of  0.05  N  AcOH/MeOH  in  preparation  for  TSK 
gel  Toyopearl  chromatography . 

Using  method  2,  which  represents  an  optimized  extraction 
protocol,  ten  to  thirty  grams  of  lyophilized  cells  are  extracted  in 
25  volumes  of  0.05  N  AcOH/EtOH  (pH  4)  for  3  hrs  at  room 
temperature.  The  primary  extraction  is  followed  by  centrifugation 
at  10,000  rpm  for  50  min  at  4*C.  Extraction  of  the  resultant 
pellet  is  repeated  three  times  in  the  same  manner.  Combined 
extracts  are  evaporated  to  dryness  at  28 *C  using  a  Buchi  oil 
rotavapor.  To  facilitate  pigment  removal  the  extract  is 
partitioned  between  equal  volumes  of  water  and  chloroform. 

Following  separation,  the  aqueous  layer  is  re-extracted  with  an 
equal  volume  of  chloroform.  After  separation,  the  chloroform 
layers  are  combined  and  partitioned  with  20  ml  of  water  to  remove 
toxin  (approximately  2%  of  total)  which  remains  in  the  organic 
phase.  The  resultant  aqueous  phase  is  combined  with  the  initial 
aqueous  layer,  and  extracted  twice  with  an  equal  volume  of  n- 
butanol.  Combined  butanol  layers  are  then  partitioned  with  1%  AcOH 
(in  water)  to  remove  toxin  (approximately  4%  of  total)  from  the 
organic  phase.  Aqueous  phases  are  combined ,  evaporated  to  dryness 
at  28 *C  and  residual  acetic  acid  is  removed  by  azeotrophic 
evaporation  with  toluene.  Due  to  the  presence  of  a  methanol- 
insoluble  precipitate,  the  toxic  fraction  is  triturated  three  times 
with  20  ml  of  0.05  N  AcOH/MeOH,  and  the  precipitate  is  discarded, 
the  extract  is  evaporated  to  dryness  and  further  triturated  with  10 
ml  of  0.05  H  AcOH/MeOH  and  10  ml  of  0.05  M  AcOH/EtOH.  Following 
evaporation,  the  crude  extract  is  loaded  on  cartridges  containing 
10  ml  of  120  A  ODS  (C-18)  (Yamamura  Chemical  Laboratories  Co., 

LTD.,  Kyoto,  Japan).  The  sorbent  is  washed  with  10  ml  of  methanol 
and  20  ml  of  water  prior  to  toxin  extract  loading.  Following 
application  of  toxin  to  the  cartridges,  aqueous  eluant  is  collected 
and  evaporated  to  dryness.  In  preparation  for  gel  chromatography, 
the  extract  is  reconstituted  in  8-10  ml  of  0.05  H  AcOH/MeOH. 

B.  PtJRinCATIOM 

TSK  gel  Toyopearl  HW40F  (Supelco  Inc.,  Bellefonte,  Pa.)  is 
prepared  by  rinsing  with  water  and  equilibrating  in  0.05  N 
AcOH/MeOH.  The  column  is  slurry  packed  to  a  500  ml  bed  volume. 

The  toxin  extract  is  applied  to  the  column  which  is  then  run  as  a 
gravity  flow  system.  Column  effluent  monitored  at  230  nm  is 
collected  in  fractions  of  6.2  ml  using  a  Gilson  fraction  collector 
(model  FC-80K) .  The  toxic  fraction  generally  elutes  at  48-55 
percent  of  the  total  column  bed  volume.  Figure  3  represents  a 
tracing  of  the  Toyopearl  chromatography. 


C.  QUALITATIVE  DBTBCTIOV  OF  A (8) 


Location  of  the  toxic  Toyopearl  fraction  has  previously  been 
accomplished  using  the  mouse  bioassay  (method  1) .  A  modification 
of  the  photometric  Ellman  assay  (1) ,  performed  on  Whatman  filter 
paper  rather  than  in  a  cuvette,  represents  an  alternative  method  of 
locating  the  toxic  fraction  from  a  crude  extract.  Reagents  are 
prepared  as  follows:  dithiobisnitrobenzoate  (DTNB) ,  5  mg/ml  EtOH; 
acetylthiocholine  iodide,  5  mg/ml  EtOH;  electric  eel 
acetylcholinesterase,  5  units/ml  KP04  buffer  (pH  8) ; 
di isopropyl fluorophosphate  (OFP) ,  1  mg/ml  EtOH;  physostigmine,  1 
mg/ml  EtOH. 

Anatoxin-a (s)  extract  is  spotted  on  Whatman  filter  paper  along 
with  positive  controls,  DFP  and  physostigmine.  DTNB  and 
acetylcholine  solutions  are  then  sprayed  on  the  filter  paper  and 
allowed  to  air  dry.  The  enzyme  solution  is  applied  by  spraying. 
Color  development  requires  20  min  for  optimum  visualization.  In  a 
positive  A(S)  assay,  acetylcholinesterase  reacts  with  the  Ellman 
substrates  to  yield  a  white  concentric  inhibition  zone  against  an 
intensely  yellow-colored  background.  Positive  controls  show  a 
similar  reaction. 

D.  HPLC  ANALYSIS  OF  TBS  TOXIC  FRACTION  FOLLOWING  TO YO PEARL 
CBROMATOGRAPSY. 


Purification  of  anatoxinra(s)  using  method  1  utilizes  an 
analytical  cyanopropyl  (CN)  cartridge  (Altex,  4.5  x  150  mm)  and 
isocratic  elution  with  10  Ml  ammonium  acetate:water  (80:20).  A 
typical  HPLC  profile  is  shown  in  Figure  4.  Peaks  collected  are 
checked  and  confirmed  as  toxic  using  the  mouse  bioassay. 

Using  methods  2,  a  preparative  CN  cartridge  (Alltech 
Econosphere,  250  x  10  an)  is  used  with  1%  AcOH  (in  double  distilled 
water) .  The  isocratic  separation  is  achieved  on  a  Waters  Delta 
Prep  3000  single  pump  system  with  valve-type  solvent  mixing. 
Detection  is  through  the  preparative  cell  of  Waters  481  detector  at 
208  na.  A  typical  HPLC  profile  is  shown  in  Figure  5,  anatoxin-a(s) 
exhibiting  a  retention  time  of  13.5  min  with  a  flow  rate  of  2 
ml/min. 

B.  ELLMAN  A88AY  FOR  QUANTITATING  ANATOXIN-A (8)  YIELD 

The  photometric  enzyme  assay  of  Ellman  et  al.  (i)  is  used  in 
conjunction  with  the  mouse  bioassay  to  quantitate  toxin  yield 
following  extraction/purification.  Microliter  volumes  of  purified 
A(S),  reconstituted  in  acidified  water  (pH  3),  are  added  to  0.25 
units  of  electric  eel  acetylcholinesterase  and  incubated  for  2  min. 
Following  incubation,  3  ml  of  0.1  M  potassium  phosphate  buffer  (pH 
8),  acetylcholine  iodide  (0.075  M)  and  dithiobisnitrobenzoate  (0.01 
M)  are  added,  and  the  change  in  absorbance  at  412  run  over  a  15  sec 
interval  is  recorded. 


HPLC  profile  of  the  Toyopearl  toxic  fraction  (r.ethcd 
Altax  CN  cartridge,  4.5  x  150  aa;  10  aM  amoniun 
acetate: water  (80:20);  flowrate,  1.5  al/ain;  230  nr.; 
O.D.  at  0.1  auf.  Anatoxin-a ( s)  axhibits  a  retention 
tiae  of  5  ain  35  sec.  Toxic  peak  is  indicated  by  sol 
line. 


HPLC  profile  of  the  Toyopearl  toxic  fraction  aethod  2 
Alltech  CN  cartridge.  10  x  250  mm;  1%  AcOH  isocratic 
elution;  flowrate,  2.0  al/ain;  208  na;  O.D.  at  0.5  au 
Anatoxin-a (s)  exhibits  a  retention  tiae  of  13  ain  30 
sec.  Toxic  peak  is  indicated  by  dashed  line. 


Figure  4 


t 

Injection 


?.  *■  KICK  SPECTRAL  AXXLT8I8 

’h  NMR  spectrum  of  a  purified  A(S)  sample  was  measured  in  1% 
CDjCOjD/DjO  (Pig  *)  . 


3.  RESULTS  AND  DISCUSSION 

Table  1  summarizes  AnabflUfl  floa-aouae  lyophilized  cell 
material  extracted  to  date,  the  method  used  for 
extraction/purification  and  respective  yields  of  anatoxin-a(s) . 
Using  the  optimized  scheme  (method  2)  calculated  yields  of  toxin 
average  0.29  mg  toxin/gram  of  lyophilized  cell  material.  This 
represents  a  4-fold  increase  over  yields  reported  using  method  1 
(approximate  yield  is  0.07  mg  toxin/gram  lyophilized  cell  material) 
and  a  28-fold  increase  over  yields  reported  in  the  1986-87  annual 
report  (10  ug  toxin/gram  lyophilized  cell  material). 

Location  of  the. toxic  chromatographic  fractions  has  previously 
been  performed  exclusively  by  the  mouse  bioassay.  This  procedure, 
though  effective,  substantially  reduces  the  final  yield  of 
anatoxin-a(s)  due  to  expending  the  injection  volume  required  to 
elicit  a  neurotoxic  response.  As  an  alternative  detection  method 
to  the  mouse  bioassay,  use  of  the  photometric  Ellman  assay  (l) 
scheme  has  not  been  successful.  Although  purified  anatoxin-a (s) 
shows  pronounced  inhibitory  activity  against  several  preparations 
of  cholinesterase  (2)  and  is  used  routinely  in  this  laboratory  to 
quantitate  purified  toxin,  use  of  the  acetylcholinesterase  assay  as 
a  method  of  qualitative  toxin  detection  during  the  purification 
scheme  has  not  been  successful  due  to  the  interference  of  salts, 
organic  solvents  and  pigments  present  in  the  crude  extract.  A 
modification  of  the  Ellman  assay  (Matsunaga,  S.,  personal 
communication)  performed  on  Whatman  filter  paper  with  spray 
reagents,  does  represent  a  successful  means  of  toxin  detection  from 
a  crude  extract.  The  presence  of  organic  solvents,  pigments  or 
acetic  acid  does  not  affect  the  colorometric  reaction  when  the 
filter  paper  is  sufficiently  dried.  However,  the  presence  of 
sufficient  ammonium  acetate  may  indicate  a  false  positive  result. 

In  addition  to  utilizing  less  toxin  for  localization  of  toxic 
fractions,  thus  increasing  the  final  yield  of  toxin,  the  detection 
sensitivity  of  this  assay  is  less  than  100  ng. 

The  HPLC  purification  scheme  described  in  method  1  requires 
isocratic  toxin  elution  from  a  CN  cartridge  with  10  mM  ammonium 
acetate.  Although  this  system  provides  an  adequate  separation  of 
anatoxin-a(s)  (Fig.  4),  it  was  suspected  that  the  alkali-sensitive 
toxin  may  deteriorate  during  subsequent  lyophilization  due  to  the 
presence  of  residual  ammonia.  Additionally,  we  have  noted  that 
lyophilized  toxin  weight  is  a  poor  indication  of  toxic  activity 
(i.e.,  lyophilized  weight  is  consistently  higher  than  activity  as 
determined  by  mouse  bioassay) ,  and  that  weight  decreases  with 
successive  lyophilization.  The  latter  problem  was  attributed  to 
the  presence  of  salts  added  via  the  purification  scheme.  The 
alternative  HPLC  purification  scheme  which  replaces  the  ammonium 


-93- 


acetate  mobile  phase  with  1%  acstic  acid,  eliminates  to  a  large 
degree,  both  of  these  problems. 

The  ’h  HKR  spectrum  (Fig.  6)  was  produced  using  2.8  eg  of 
ar.atoxin-a(s)  extracted  and  purified  using  sethod  2.  Though  a  few 
contaminating  peaXs  are  present  (marked  with  arrows) ,  this  spectia 
is  comparable  to  the  toxic  form  on  anatoxin-a(s)  noted  by  other 
researchers  (Moore,  R.  and  S.  Matsunaga,  personal  communication) . 

A  total  of  175.20  grams  of  A*  floa-aauae  HRC-525-17  cells  were 
extracted  and  purified  during  the  1987-88  period  with  a  total  yield 
of  approximately  35.7  mg.  The  LD^g  (i.p.)  of  purified  anatoxin- 
a(s)  was  determined  in  Swiss  ICR,  IS  gram  mice  (Table  2).  Using 
the  method  of  Weil  et  al.  (3)  the  LO^  was  calculated  to  be  25.4 
ug/kg  with  95%  confidence  limits  between  20.4  and  31.7  ug/kg.  All 
purified  toxin  has  been  utilized  in  structural  studies, 
tnxicological/physiological  studies. 
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Table  1.  Yield  of  Anatoxin-A(s) 


Extraction 

# 

Cells 

Extracted 

(g) 

Extraction/ 

Purification 

Method 

Wt 

(■g) 

Toxin  Xisld 

Toxicity 

(MU)* 

Ellman 

(mg) 

1 

9.60 

1 

0.40 

- 

- 

2 

4.60 

1 

1.10 

20 

- 

3 

11.91 

1 

- 

940 

1.26 

4 

5.00 

1 

0.80 

- 

- 

5 

** 

1 

31.90 

685 

0.71 

6M* 

27.40 

2 

2.80 

- 

- 

7 

10.12 

1 

2.50 

1500 

95.20 

7 

2 

*  1.00 

1820 

1.35 

8 

11.43 

1 

1.30 

150 

48.20 

8 

2 

*  0.10 

180 

0.17 

9 

11.23 

1 

8.40 

- 

- 

9 

2 

*  4.00 

2300 

2.76 

10 

10.27 

2 

2.90 

3670 

2.53 

11 

** 

2 

0.40 

630 

0.38 

12 

18.89 

2 

- 

- 

- 

13 

27.64 

2 

9.00 

7000 

6.96 

14 

16.97 

2 

- 

- 

- 

15MC 

31.40 

2 

7.00 

- 

- 

16MC 

14.60 

2 

8.00 

- 

- 

1  Mouse  Unit  *  1  ug 

Height  not  determined.  Sample  comprised  of  miscellaneous  semi- 
purified  extracts. 

Extraction/Purification  performed  by  S.  Matsunaga  at  W.S.U. 
laboratory . 

Lyophilized  A(s)  was  reconstituted  in  1%  AcOH  and  zrun  on  HPLC 
using  1%  AcOH  method. 
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Table  2. 

Dose  (i.p.) 

#  animals 

Death 

Survival  Time 

ug/*g 

treated 

(24  hr  limit) 

+/-  S.E.  (min.) 

5 

10 

15 

20 

30 

40 


5 

5 

5 

5 

5 

5 


0 

0 

0 

1 

4 

5 


55.4 

14.3  ±  3.5 
10.8  ±  1.3 
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APPEMDIX  II 

Schedule1  of  del  I've  rabies  supported  on  contract  DAMD17-87-C-7019  and  on 
e  subcontract  fron  contract  DAMD17-85-C-5241  (Univ.  of  Illinois  - -V . R . 
Beasley),  for  the  tine  period  Moveuber  1,  1987 -October  31.  1988. 


Date 

Sans* 

Description 

fifpmr  ff) 

Receiver 

£smo£& 

11/87 

Modular  in 

24.0 

K.L.  Rinehart 

Unlv.  of  Illinois 

12/87 

Microcyst In- LR 

159.9 

D.L.  Burner 

USAMRIID 

12/87 

Klerocyst in- LR 

19.4 

A.H.  Dahlea 

Unlv.  of  Illinois 

12/87 

Microcystln- ( 7 ) 

1.5 

K.  Herelsh 

USAMRIID  (for  side  peak 
analysis) 

12/87 

Mlcrocys tin- ( 7 ) 

9.0 

K.  Merelsh 

USAMRIID  (for  side  peak 
analysis) 

1/88 

Anatoxin -a(s) 

0.3 

H.  Hines 

USAMRIID 

3/88 

Anatoxin-a(s) 

1.0 

R.E.  Moore 

Unlv.  of  Hawaii 

3/88 

Microcyst in -IR 

75.2 

D.L.  Runner 

USAMRIID 

3/88 

Microcystln- LR 

9.1 

V.  Beasley 

Unlv.  of  Illinois 

3/88 

Microcystln- LR 

4.8 

D.  Morton 

Frostburg  State  Unlv. 

3/88 

Anatoxin- a(s) 

0.6 

E.  Hyde 

Vrlght  State  Unlv. 

5/88 

Anatoxin-a(s) 

0.8 

E.  Hyde 

Vrlght  State  Unlv. 

6/88 

Anatoxin- a(s) 

1.4 

E.  Hyde 

Vrlght  State  Unlv. 

7/88 

Anatoxln-a(s) 

1.0 

H.  Hines 

USAMRIID 

7/88 

Anatoxin- a(s) 

17.8 

R.R.  Moore 

Unlv.  of  Hawaii 

7/88 

Anatoxin- a(s) 

2.3 

R.E.  Moore 

Unlv.  of  Hawaii 

8/88 

Nodular in 

18.1 

D.L.  Runner 

USAMRIID 

9/88 

Anatoxin- a(s) 

4.0 

D.L.  Runner 

USAMRIID 

9/88 

Modular in 

19.6 

D.L.  Runner 

USAMRIID 

10/88 

Microcystln- YR 

1.7 

D.L.  Runner 

USAMRIID 

10/88 

Anatoxin- a(s) 

2.0 

V.  Beasley 

Unlv.  of  Illinois 

10/88 

Anatoxin- a(s) 

2.0 

E.  Hyde 

Vrlght  State  Unlv. 

10/88 

Anatoxin- a(s) 

0.8 

V.  Beasley 

Unlv.  of  Illinois 

10/88 

Microcystln- LR 

108.0 

D.L.  Burner 

USAMRIID 

10/88 

Anatoxin-a(s) 

3,0 

D.L.  Banner 

USAMRIID 

*  All  shlpaents  to  USAMRIID  vrere  Federal  or  UPS  Express 

1  Additional  details  n  these  deliverables  can  be  found  on  p.  32-35;  93.  95. 
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TOXTCOS  Vol.  26  (11) 1971-973 
LETTER  TO  THE  EDITOR 

Rasing  of  Cyclic  Heptapeptide  Toxins 
of  Cyanobacteria  (Blra-green  algae) 

In  1878  George  Francis  published  the  first  written  report  of 

anisal  poisoning  by  a  cyanobacter ius  (blue-green  alga)  (Francis 

1878).  However,  it  has  only  been  in  the  last  30  years  that  a 

significant  anount  of  information  has  been  published  on  both  the 

structure  and  function  of  the  neurotoxic  alkaloids  and  hepatotoxic 

peptides  of  cyanobacteria.  The  neurotoxins  are  referred  to  as 

anatoxins  (Carmichael  and  Gorham  1978)  while  the  hepatotoxins  have 

been  called  Fast-Death  Factor  (Bishop  i£  a1.  1959) ,  Microcystin 

(Konst  it  *1.  1965),  Cyanoginosin  (Botes  *£  il.  1984),  Cyanoviridin 

(Kusumi  it  Rl-  1987)  and  Cyanogenosin  (apparently  a  misspelling  of 

cyanoginosin)  (Painuly  it  il.  1988) . 

Since  1965,  microcystin  is  the  term  most  frequently  used  when 
describing  cyclic  peptide  hepatotoxins  produced  by  strains  or 
blooms  of  Microcystis.  Cyanoginosin-”XY”  is  the  term  that  has  been 
applied  to  chemically  defined  monocyclic  heptapeptide  hepatotoxins 
isolated  from  strains  of  Microcystis  aeruginosa.  The  derivation  of 
the  term  is  "cyano"  from  cyanobacteria  and  "ginosin"  from 
aeruginosa.  The  most  useful  aspect  of  this  terminology  results  not 
from  the  term  cyanoginosin  but  from  the  two  letter  suffixes  "XY" 
which  designate  the  two  variant  "L"  amino  acids  found  in  all  of  the 
cyclic  heptapeptide  hepatotoxins  examined  to  date.  These  NLH  amino 
acids  have  also  proven  to  be  the  essential  variants  between  toxins 
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isolated  from  a  particular  strain  of  L.  itruqinQM  (Carmichael 
1986) . 

general  Structure  for  tba  Repatotoxic  Baptapaptidas 

1  2  3  4  5 

Cyclo  ( -D-Ala-L-"X"  -D-arythro-J-methyl -Asp-L-"Y" -ADDA- 

<  7 

D-Clu-K-Methyldehydro-Ala ) 

X  -  Laucina  (L) ,  Arginine  (R) ,  Tyrosina  (Y) 

Y  -  Arginina  (R) ,  Alanina  (A),  Kathionina  ;M) 

■XY"  combinations  for  haptapaptida  toxins  currently 
dafinad:  LA;  LA;  YA,  YK,  YR,  RR 
ADDA  -  3-anino-9-netboxy-2 , 6 , 8-trinethyl-lO- 
pheryldeca-4 , 6-dienoic  acid 

It  is  now  known,  however,  that  other  species  of  Hlcrocyitll  (i»e., 
M.  virldis  (cyanoviridin) )  and  genera  not  within  the  same  order 
(i.a. ,  AMhemna  and  Osclllatoria)  also  produce  cyclic  haptapaptidas 
that  fit  the  above  generalised  structure  (Kusuni  it  ll*  1987; 
Krishnanurthy  it  il.  1986a, b;  Eriksson  it  il.  1987).  It  is  also 
now  known  that  cyanoviridin,  which  was  the  RR  haptapaptida  variant, 
is  present  in  |.  aeruginosa  (Watanabe  it  Al*  1988)  and  as  a 
desnethyl  haptapaptida  in  Osclllatoria  aaardhii  var.  and  var. 
isothrix  (Krishnanurthy  it  Al<  1986b) . 

In  view  of  this  long  acceptance  and  use  of  the  tarn  nicrocystin  in 
the  medical  and  veterinary  literature,  and  the  recant 
identification  of  the  cyclic  haptapaptidas  among  other  species  of 
Microcystis  and  other  cyanobacteria  genera,  it  seems  nora 
appropriate  to  retain  the  association  with  the  genus.  Me  would, 
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thATtfera,  like  to  propose  that  the  original  tars  "sicrocystin" 
(NCY8T)  plus  the  suffix  "XT*  (designating  the  variant  L-amino 
acids)  be  recognised  as  the  basis  for  naming  all  existing  and 
future  aonocyclic  heptapeptide  hepatotoxins  of  cyanobacteria.  A 
su— ary  of  this  reasoning  follows:  1)  Nicrocystin  has  been  used 
since  the  1960's  to  refer  to  peptide  hepatotoxins  of  cyanobacteria 
-  especially  those  of  Microcystis.  2)  Nicrocystin  can  also 
designate  toxins  fro*  other  species  of  the  genus  Microcystis  or 
from  other  genera  in  which  toxins  are  now  being  found  (Kfir  it  al . 
1996,  Eloff  1997,  Gathercole  and  Thiel  1997).  3)  The  sequence  of 

the  letters  for  the  "L"  amino  acid  suffix  should  follow  that  used 
by  Botes  (1994)  in  that  the  first  letter  should  designate  the  amino 
acid  closest  to  the  D-alanine  position  (i.e.  microcystin-LR) .  only 
two  exceptions  within  the  five  invariant  "D"  asino  acids  have  been 
reported  to  date.  These  are  D- aspartic  acid  in  place  of  methyl 
aspartic  acid  and  alanine  in  place  of  N-methyldehydroalanine 
(Krishnamurthy  it  li.  1996b) .  Such  variations  can  be  named  by  a 
prefix  to  microcyst  in  and  numbering  the  amino  acids  affected.  This 
will  result  in  the  term  "desmethyl  3-"  and  "didesmsthyl  3,7-" 
respectively  to  describe  these  two  known  variants  of  the  "0"  amino 
acids.  Cyclic  peptide  toxins  with  fewer  or  greater  than  seven 
peptides  or  peptide- linked  components  should  be  named  according  to 
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thm  genua  from  which  they  ere  first  isolated  or  to  their  chemical 
composition  relative  to  the  known  microcystins. 
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